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INTRODUCTION 
In many species a foreign object lying within the uterus (intrauterine 
device) has been found to cause a variety of changes and malfunctions in 
the reproductive system, chief among which is the failure of embryos to de­
velop- Since the other reactions to the device are minor and cause no no­
ticeable harm to the bearer, an intrauterine device has become a valuable 
contraceptive technique in humans. The physiological reactions of the u-
terus to a foreign body, which eventually cause an inability to maintain 
pregnancy, are largely unknown. Studies designed to explore the mode of 
action of intrauterine devices are beginning to provide information impor­
tant to other basic problems in reproductive physiology, such as ovoimplan-
tation and utero-ovarian relationships. The investigations reported in 
this dissertation were directed to understanding the relationship between 
the survival of embryos and the uterine physiological environment specifi­
cally produced by "a foreign body in the rat. 
Intra-uterine foreign bodies have been used as a means of preventing 
pregnancy for centuries. A variety of materials such as sticks, oils and 
even dung has been placed in the uterus of women for the purpose of pre­
venting pregnancy. The ancient Egyptians inserted stones into the uterus 
of the camel to prevent pregnancy. Pessaries, a rod lodged in the uterine 
lumen and protruding through the cervical os, became a tool of medical 
practice in the nineteenth century and were used not only for curing gyne­
cologic disorders but also as a contraceptive device. By 1931 Grafenberg 
was inserting coils of silkworm gut into the uterus of women for the sole 
purpose of contraception. This practice was largely condemned by the medi-
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cal profession until 1961 when more biologically inert materials, such as 
polyethylene, were fashioned into the coils, loops and spirals used cur­
rently. Greatly increased acceptance and interest in this method of con­
traception resulted from the First International Conference on Intrauterine 
Contraception held in New York in 1962. The following year numerous exper­
imental studies were undertaken to elucidate the effects and mode of action 
of intrauterine devices. 
As a result of these studies it is now believed that intrauterine de­
vices work by causing the loss of embryos after they enter the uterus but 
prior to implantation. This loss is thought to occur because of specific 
alterations in the uterine environment which are incompatible with further 
embryonic development or implantation. Whether the primary effect of the 
intrauterine device is on the embryo or on the uterus is not known. 
The work described in this dissertation was designed to answer this 
latter question. Using rats as the experimental animal the technique of 
embryo transfer was employed to determine if an intrauterine device direct­
ly causes the death of embryos. The intra-uterine environment was tested 
for direct embryotoxic effects by transferring embryos into an lUD-
containing uterus and observing the effects of time in this milieu on sub­
sequent survival. The work reported here clearly shows that embryos are 
severely affected by short esçjosure to the environment produced by an in­
trauterine device and that this may be the primary cause of the reduced 
fecundity in the rat. 
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LITERATURE REVIEW 
Biologic Actions of the Intrauterine Device 
General effects of the intrauterine device 
An intrauterine device (lUD) is defined as any inert foreign object 
which lies within the lumen of the uterus. The foreign body causes a re­
duction in the capacity of the uterus to maintain pregnancy. In litter 
bearing animals having an lUD, the whole litter is often lost, usually be­
fore ovoimplantation. To produce this effect, the lUD must be in contact 
with the endometrium and within the uterine lumen (Greenwald, 1965). 
The following materials have been found to decrease the maintenance of 
pregnancy: silk threads (Doyle and Margolis, 1963); nylon {Speilberger and 
Olewine, 1966); stainless steel (Greenwald, 1965; Parr, 1968); polyethylene 
(Taubert and Segal, 1967; Faucker et al., 1969; Matsumoto et al., 1968); 
glass (Bland and Donovan, 1967); strips of skin (Prager and Zipper, 1969; 
Watnick and Russo, 1968); tantalum cylinders (DeBoer, Anderson and Melampy, 
unpublished); silkworm gut (Oppenheimer, 1962); and silver (Grafenberg, 
1931). Zipper, Medel and Prager (1969) found that a much greater embryonic 
loss was produced by a copper or zinc wire than a regular polyethylene 
spiral lUD in rabbits. 
The size of the lUD also affects embryonic survival (Parr, 1966). 
Speilberger and Olewine (1966) found that a few embryos would develop if a 
nylon thread were inserted transversely in the uterus of the rat, whereas 
these horns were sterile if the thread lay longitudinally in the uterine 
lumen. Banerjee and Massie (1969) reported that a thread placed in the mid 
portion of the uterine horn decreased the implantation rate in the rat. 
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whereas embryonic survival remained normal if the threads were inserted in­
to the caudal or cranial portions of the uterus. Greenwald (1965) and Parr 
(1966) also have reported a small number of implantations in the presence 
of a thread in the caudal part of the horn but not in the presence of an 
lUD in the upper part of the uterus- Havranek, Dykova and Tichy (1967) 
found that a small percentage of rat embryos survived in the presence of a 
short thread (<8mm) . Hypertrophy of the uterus in response to an lUD was 
reported by Parr and Segal (1966), Craig (1967), Scommegna and Chattoraj 
(1968) and Stock, Ledger and Campbell (1968); but Kar et al. (1964), using 
a small lUD in ovariectomized rats, could not detect a weight increase. 
Brown and Foote (1966), Ledger and Bickley (1956) and Ledger, Virkar and 
Irvin (1966) have also shown a dose response, or an inverse relationship 
between the size of the lUD and embryo survival rate, in rabbits. The em­
bryonic survival decreased also when the lUD occupied a position near the 
uterotubal junction. 
The effect of an lUD has been studied in fifteen species of animals. 
While the degree varies, all species show a considerable reduction in em­
bryonic survival. Humans have been studied most extensively. Though the 
design of the lUD has some influence, an lUD results in an average of three 
pregnancies per 100 women-years of use, indicating drastic antifertility 
activity (Hata et al., 1969; Lippes, 1965). In lUD-bearing rhesus monkeys 
no living young has yet been observed (Kelly, Marston and Eckstein, 1969a) . 
While embryonic survival in all 15 species was reduced in the horn 
containing an lUD, the effect on the opposite, intact, horn varied. In 
guinea pigs (Bland and Donovan, 1967) and hamsters (Orsini, 1965) embryonic 
survival was unaltered in the horn opposite the lUD. The same was true in. 
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rabbits (Adams and Eckstein, 1965) and rats (Doyle and Margolis, 1953) , 
though Dukelow (1968) and Dukelow, Perry and Williams (1967) have claimed 
a slight decrease in survival in the contralateral horn for both species. 
Ichikawa and Mori oka (1969) reported that only an lUD in the cervical end 
of the rat uterus affected the contralateral horn. The effect was confined 
primarily to the horn containing the lUD in cows (Hawk, Conley and Brins-
field, 1968) , even though the two horns are connected by a small, common 
uterine body. 
In mice (Bartke, 1968) and pigs (Gerrits, Hawk and Stormshak, 1968) a 
unilateral lUD markedly decreases embryonic survival in both horns. The 
horn opposite the lUD in rats is rendered relatively sterile if a passage 
is made between the two horns (Marston and Kelly, 1959b; Batta and Chaud-
hury, 1968b; DeBoer, Anderson and Melaitçy, 1970) . A bilateral effect also 
occurs in ferrets (Marston and Kelly, 1969a) and sheep (Hawk, 1967) , both 
of which have a small uterine body into which both horns open (Marston and 
Kelly, 1966). 
The time of insertion of the lUD is important in determining its effi­
cacy. In rats most investigators have inserted the lUD prior to mating. 
Psychoyos and Bitton (1955) inserted silk thread lUDs on the day of mating 
(day 1) and noted that nonnal gestation occurred in both horns in 7 of 14 
rats. However, Schuchner and Davidson (1965) found that inserting a silk 
thread on any of the first four days of pregnancy partially inhibited preg­
nancy, depending on the portion of the horn occupied by the lUD. Insertion 
of the lUD in the caudal part of the uterus decreased embryonic survival 
slightly, while an lUD in the anterior portion of the uterus had a greater 
effect. Bland and Donovan (1967) found total loss of embryos in those 
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homs bearing lUDs which had been inserted at day 2 of pregnancy in guinea 
pigs. 
Removal of an lUD in rats anytime during the first 3 days of pregnancy 
allows normal development of the embryos (Marston and Chang, 1955; 
Psychoyos and Bitton, 1966; Havranek, Dykova and Tichy, 1967). Similarly, 
normal pregnancy ensues if an lUD is removed from rabbits by 72 hours 
(Ledger and Irvin, 1968) or 120 hours after mating (Marston and Chang, 
1965). Removal on day 5 led to a full contraceptive effect in Ledger and 
Irvin's (1968) work, but Marston and Chang (1965) could not confirm this; 
even after removal at 156 hours embryonic survival was normal. Bartke 
(1968) found that the effect of an lUD was partially reversible if the lUD 
was removed up to day 3 in mice. No implantations occurred if the lUD were 
removed on day 4. Psychoyos and Bitton (1966) have studied the time re­
quirements for an lUD to produce anti-implantation effects in rats. If the 
lUD was not removed until the evening of day 4, inhibition of pregnancy re­
sulted. If the device was removed on the morning of day 4 results were 
variable but, generally, embryonic survival was not reduced. Based on 
these studies, Psychoyos and Bitton (1966) concluded that an lUD should be 
inserted within the uterus before mating and remain in place to day 4 to 
cause embryonic loss and that these effects were rapidly reversible. It 
has often been observed that after loss or removal of an lUD, fertility and 
maintenance of pregnancy are unimpaired (Doyle and Margolis, 1963, 1964a, 
1965; Chaudhury and Tarak, 1965; Kar, 1965; Kar and Kamboj , 1964). The re­
versibility of IDD effects is also well known in women (Hata et , 1969; 
Food and Drug Administration, 1968). 
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Effect on spermatozoa, ovary and oviduct 
Since the primary reproductive process which is affected by an lUD 
seeins to be different among the several species, it follows that the time 
of contraceptive action relative to fertilization should vary. In general, 
an lUD increases preimplantation embryonic mortality, while unaffecting 
post implantation mortality. Kar (1965, Kar and Kamboj (1964) and Chaud-
hury (1965) inserted a thread in the uterus of rats at day 8 and found con­
tinuation of pregnancy with only a statistically insignificant increase in 
resorption of embryos. 
Only in the water buffalo (Buch, Shukla and Hawk, 1964) and probably 
the goat (Gadgil, Collins and Buch, 1968) does an lUD inhibit ovulation it­
self. In all other species studied, an lUD does not interfere with ovula­
tion. In cows the formation of the corpus luteum may be inhibited (Hawk 
et al., 1965). In the cow (Hawk, Conley and Brinsfield, 1968) and sheep 
(Hawk, 1969) the fertilization rate is reduced, but this effect seems to be 
mediated, not by ovarian or egg factors, but rather by deleterious effects 
of the uterus on the spermatozoa. Spermatozoa are broken at the mid-piece 
within the lUD-bearing uterus and thus are rendered incapable of fertiliza­
tion (Hawk, 1966, 1967). If spermatozoa were experimentally placed near 
the oviduct, normal fertilization occurred (Hawk, 1967, 1969). 
Similar conditions occur in the artificially inseminated cow, while in 
naturally mated cows normal fertilization rates occur, probably because of 
greater spermatozoa density (Hawk, Conley and Brinsfield, 1968). In other 
species ovulation and fertilization rates are normal. In rats (Marcus, 
1965; Kar, 1965; Chaudhury and Tarak, 1965) and rabbits (Hussein and 
Ledger, 1968) spermatozoa transport and motility were unaltered. Malkani 
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and Sujan (1954) found spermatozoa in the oviduct of one patient with an 
lUD, suggesting that transport and motility was unaffected in the human. 
The collection and transport of ova in the oviduct appear to be un­
altered by an intra-uterine device in several species. The number and mor­
phology of oviductal embryos were similar to those of controls in the fol­
lowing species: (a) rat (Doyle and Margolis, 1963, 1964a; Greenwald, 1965; 
Ishihama and Miyai, 1969; Craig, 1969); (b) rabbit (Dukelow, Perry and 
Williams, 1967; Adams and Eckstein, 1965; Marston and Chang, 1965, 1969); 
(c) pig (Gerrits, Hawk and Stormshak, 1968); (d) cow (Hawk, Conley and 
Brinsfield, 1968); (e) sheep (Hawk, 1965); (f) ferret (Marston and Kelly, 
1969a); (g) woman (Kelly and Marston, 1967) ; (h) monkey (Kelly and Marston, 
1967; Marston, Kelly and Eckstein, 1969a); and (i) mouse (Marston and 
Kelly, 1956, 1969c). Earlier work on the last two species indicated that 
an lUD exerted at least part of its contraceptive action by interfering 
with tubal transport of ova. Mastroianni and Rosseau (1965) superovulated 
monkeys and found greatly accelerated passage of ova through the oviduct in 
lUD-bearing animals but not in controls. Later, Mastroianni et al. (1967) 
found that transport of ova through the oviduct was unaffected by an lUD in 
monkeys which produced ova by spontaneous ovulation. Since normal tubal 
transport and development of ova were also observed by Marston, Kelly and 
Eckstein (1969a) in a large number of naturally mated lUD-bearing monkeys 
it would appear that the original observations were an artifact of exces­
sive gonadotropic hormone stimulation. Doyle and Margolis (1965, 1955) 
claimed that fertilized ova were retained longer in the oviducts of lUD-
bearing mice, a result that was not confirmed by Marston and Kelly (1966, 
1969c). 
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A foreign body in the uterus affects the physiology of the oviduct in 
other ways. Kar, Kamboj, Chowdhury and Chowdhury (1965) found that ovi-
ductal fluid collected from lUD-bearing rabbits contained higher concentra­
tions of protein nitrogen and carbohydrate. Diikelow, Perry and Williams 
(1967) obtained similar results. Inserting a silk thread within the ovi­
duct drastically reduced embryonic survival in rabbits (Kar and Kamboj, 
1955). The cause of infertility in this case remains uninvestigated but 
this interesting observation may suggest the production, within the ovi­
duct, of a similar milieu which causes embryonic loss in the uterus. 
Hormonal and systemic effects 
Although normal gestation in several species proceeds in the uterine 
horn opposite the lUD, many investigators have nevertheless studied effects 
of an lUD on the secretion of gonadotropic and steroid hormones. Janakira-
man and Casida (1968) reported that pituitary luteinizing hormone (LH) ac­
tivity increased in rabbits which had been mated 24 hours before inserting 
the lUD as compared with mated controls. This effect was not seen in un-
mated animals with an lUD. It was suggested that, as a consequence, rab­
bits would ovulate later than normal. The relationship of this observation 
to increased embryonic mortality is obscure because, as noted earlier, the 
ova are normal and at the same developmental stage as ova from the non-IUD 
side when they enter the uterus (Eckstein and Adams, 1965); Dukelow, Perry 
and Williams, 1957; Ishihama and Miyai, 1969). Similarly, in sheep Hawk 
and Casida (1966) found that an lUD caused an increase in pituitary LH ac­
tivity over controls. Pituitary LH content was also increased in cows 
which bear an lUD (Gadgil, Collins and Buch, 1968). Likewise, pituitary 
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follicle stimulating hormone (FSH) concentrations were elevated in these 
cows (Bhalla et al., 1969; Hawk, 1968). These facts suggested an lUD-
mediated interference with gonadotropins, but the significance of these 
differences is difficult to assess, since both ova transport and the embry­
os themselves were normal until they entered the uterus (Hawk, Conley and 
Brinsfield, 1968). An HID in guinea pigs had no effect on the growth of 
ovarian follicles (Bland, 1968). Kar, Chandra, Kamboj, Chowdhury and Roy 
(1970) found both the serum and pituitary content of gonadotropins unal­
tered in lUD-bearing rhesus monkeys. In rats (Chaudhury and Tarak, 1965) 
and humans (Gomez-Rogers, Guiloff and Zanaxtu, 1965) lactation was unaf­
fected by an lUD. 
An lUD seems to be without any systemic effects in the rat. Bilateral 
threads inserted at day 8 of pregnancy did not cause abortion of implanted 
fetuses; a normal number of fetuses were delivered at term (Kar and Kambo], 
1964). In addition, cycling rats with an lUD in one or two uterine horn 
had a normal pituitary gonadotropin content (Chaudhury and Tarak, 1965). 
Injection of PMS into rats bearing lUDs reduced ovarian and uterine weight 
compared with controls (Kar, Kamboj and Datta, 1964a). After injecting hu­
mans chorionic gonadotropin (HCG) into rabbits bearing an lUD in one horn, 
ovulation rates were similar in each ovary though there was a slight de­
crease (nonsignificant) in the number of corpora lutea adjacent to the lUD 
(Kar, Kamboj and Datta, 1964a). 
In experiments with exogenous hormones, Kar and coworkers suggested 
that an lUD increased the sensitivity of the uterus to estrogen in ovari-
ectomized rats (Kar, Goswami, Kamboj and Chaudhury, 1964), but not in mon­
keys (Kar, Kamboj, Chandra and Karkun, 1966). Stock, Ledger and Campbell 
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(1968) using adrenalectomized-ovariectomized rats to ensure complete estro­
gen withdrawal reported that the general uterine response to estrogen in 
o varie atomized rats was not altered by an lUD. Wrenn, Wood and Bitman 
(1969b) confirmed these results. Thus the uterine response to an lUD is 
probably not primarily mediated by estrogen (Wrenn, Wood and Bitman, 1969b; 
Joshi and Ramachandran, 1966; Joshi, 1957b; and Kar et al., 1964, 1966). 
Estrogen plus progesterone, however, caused increased growth and incorpora-
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tion of P in lUD-bearing horns (Joshi and Ramachandran, 1966). 
The effect of an lUD on the response of the uterus to progesterone is 
less clear- Laumas and Yadava (1969) found that an lUD depressed the in­
corporation of ^'^C-glucose into uterine lipids, ribonucleic acid (RNA) and 
proteins. This mimicked the effects of progesterone and suggested a 
heightened sensitivity of the lUD-bearing uterus to progesterone. Proges­
terone, which normally suppresses acid and alkaline phosphatase activity, 
failed to exert this effect in lUD-bearing uteri (Joshi, 1967b), suggesting 
that the uterine capability to respond is blocked or altered. Bo, Moore 
and Ashburn (1969) reported that an lUD increased incorporation in pro­
gesterone-treated ovariectomized rats, which also suggests a failure of the 
uterus to respond to progesterone. Since progesterone is the only hormone 
required for deciduomata production in the rat (though the effect is en­
hanced by supplementing with estrogen) and, since an lUD was thought to 
abolish the decidual response, the relationship of progesterone metabolism 
to lUD-infertility may be important. 
Doyle and Margolis (1964b) first reported that, in the rat, an lUD 
abolished the decidual response in the lUD horn, thus providing a ready ex­
planation for the observed lack of embryo implantation. Several other 
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workers have confirmed the inhibitory effect of an lUD on the decidual re­
action in the rat (Craig, 1967; Speiberger and Olewine, 1966; Greenwald, 
1965; Joshi, 1967a; Delgado and Salazar, 1965); rabbit (Marston and Chang, 
1969); and mouse (Bartke, 1968). An lUD was without effect on the decidual 
reaction in hamsters (Orsini, 1965) and monkeys (Marston, Kelly and Eck­
stein, 1969b). 
Recent studies indicate that the decidual response is not completely 
abolished in the rat (Dizzia and Bo, 1969; Craig, 1969; Ichikawa and 
Morioka, 1969). Moreover, there is a response gradient, ranging from com­
plete abolition to full expression of the decidual response depending on 
distance from the lUD (Dizzia and Bo 1969; Craig, 1969). In the rat and 
rabbit, the lUD has no effect on the decidual reaction in the non-IUD hom 
(Ishikawa and Morioka, 1969; Marston and Kelly, 1969c). 
Psychoyos and Bitton (1965) studied the effects of exogenous hormones 
on production of deciduomata in the presence of an lUD. Rats were bilater­
ally overiectomized, fitted with an lUD in one horn, and 30 days later giv­
en progesterone and estrogen. With 2.5 mg progesterone per day a decidual 
reaction was induced by traumatizing the lUD horn. Kar, Kamboj and Datta 
(1964b) attempted to induce implantation by ovariectomizing rats on day 2 
and injecting them with 4 mg progesterone daily. Embryos failed tjp implant 
in the lUD hom in response to a subsequent injection while implantation 
did occur in the opposite (non-IUD) horn. Other experiments indicate that 
the timing of the introduction of an lUD can be arranged to allow decidua 
formation in mated rats, while a similarly timed insertion of the lUD into 
other mated animals still results in lack of implantation (Corfman and 
Segal, 1968; Segal, Food and Drug Administration, 1958). These experiments 
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indicate that a direct inhibitory effect of an lUD on the decidual reaction 
probably is not the primary mechanism of reducing embryonic mortality in 
the rat. 
In the experiments of Psychoyos and Bitton (1965) if, in addition to 
2.5 mg progesterone per day, ovariectomized rats were treated with 0.1 ug 
estrogen 4 days prior to traumatic induction of the decidual reaction, no 
deciduomas developed in either the control or lUD horn. If, however, the 
dosage of progesterone was reduced to 0.125 rag, with 0.1 yg of estrogen a 
decidual response occurred in the control but not in the lUD horn. These 
results were interpreted as suggesting a heightened sensitivity of the lUD-
bearing uterus to progesterone. These results were elaborated by Psychoyos 
and Bitton (1965) into a general hypothesis of lUD contraception: The pri­
mary effect of an lUD on the uterus was postulated to be an increased sen­
sitivity to progesterone. Consequently, at estrus the endometrium is ab­
normally progesterone-stimulated and in a highly sensitive state. Estro­
gen, which becomes available at this time, would now prepare the endo­
metrium for maximal receptivity of the embryo for nidation. Thus, by the 
time embryos begin to enter the uterus at day 4, the uterus has already 
passed the optimum maturation point and in fact has entered a "nonreceptive 
state," inimical to blastocysts or implantation. It is known that, even in 
normal mated rats, a similar "nonreceptive state" occurs late on day 5 
(Dickmann, 1967) . In the lUD animal, however, this "nonreceptive state" 
was postulated to occur precociously. 
This theory fails to adequately explain the antiimplantation effect of 
an lUD when inserted as late as day 3 of pregnancy. Furthermore the de­
layed implantation experiments of Kar, Kamboj and Datta (1964b) and experi-
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merits of Doyle and Margolis (1965) , in which optimal dosages of exogenous 
estrogen and progesterone failed to cause implantation, argues against 
Psychoyos and Bitton's (1955) hypothesis. In addition, Laumas and Farooq 
(1967) found by direct measurements no differences in uptake of 
progesterone in lUD-bearing uteri. 
Luteolytic effects 
A relationship between the effect of an luD on ovarian function and 
the luteolytic effect of the uterus has been observed in cows (Ginther, 
Woody, Janakiraman and Casida, 1955) , sheep (Ginther, Pope and Casida, 
1956) and guinea pigs (Bland and Donovan, 1965). In these species the u-
terus is known to control, by a luteolytic mechanism, the lifespan of cy­
clic corpora lutea. In the absence of the uterus, corpora lutea are main­
tained. If a uterine horn is adjacent to the ovary containing the coirpora 
lutea, the lifespan of the corpora lutea is shorter than if the horn is op­
posite (Anderson, 1966). In all three species bilateral insertion of an 
lUD early in the cycle caused a shortening of that cycle (Hawk, 1958). In 
the sheep (Ginther, Pope and Casida, 1966) and cow (Ginther, Woody, 
Janakiraman and Casida, 1956) an lUD inserted opposite to the corpus luteum 
failed to shorten cycles, whereas cycles were shortened if the lUD were ad­
jacent to the corpus luteum. In the cow the lUD was required to be in the 
cranial portion of the horn to produce luteolynis (Ginther, Woody, Jana­
kiraman and Casida, 1966). Luteolysis occurred in the sheep even if the 
oviduct ;vas severed between the lUD horn and adjacent ovazy; exogenous HCG 
counteracted this luteolytic effect (Stormshak, Lehmann and Hawk, 1967) . 
In intact guinea pigs a unilateral lUD did not shorten cycles. If, 
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however, the opposite ovary were removed, cycles were shortened (Ginther, 
Mahajan and Casida, 1966). Bland and Donovan (1965, 1967) found that, in 
the intact guinea pig with a unilateral lUD, the corpora lutea in the ovary 
adjacent to the lUD regressed, while the corpora lutea in the opposite ova­
ry remained functional, allowing estrous cycles to continue. 
An lUD shortened the estrous cycle in the goat (Gadgil, Collins and 
Buch, 1968), but this effect may have resulted from luteolysis or failure 
of ovulation. Although an lUD failed to alter the duration of the estrous 
cycle in pigs, there is evidence for a luteolytic effect: weight of cor­
pora lutea (Gerrits, Hawk and Stormshak, 1968) and progesterone content 
(Rathmacher et al., 1967) were reduced in ovaries adjacent to lUDs. 
Estrous cycles in rats (Doyle and Margolis, 1963, 1965), mice (Doyle 
and Margolis, 1966), ferrets (Marston and Kelly, 1969a), hamsters (Orsini, 
1965), and water buffalo (Buch, Shukla and Hawk, 1964) were unaltered by 
lUDs. Menstrual cycles in monkeys (Eckstein, Kelly and Marston, 1969) and 
probably women (Vorys e^ , 1965) also were unaltered by lUDs. Doyle and 
Margolis (1965) suggested, on the basis of a very few animals, that the 
duration of pseudopregnancy in rats may be increased by lUDs. In unpub­
lished experiments in this laboratory we detected no effect of ICJDs on the 
length of pseudopregnancy. Fifteen rats were followed through one normal 
pseudopregnancy and then fitted with an lUD in each uterine horn. After 
three normal cycles a second pseudopregnancy was induced. The mean dura­
tion of the first pseudopregnancy was 13 ± 0.3 days while the second was 
14 ± 0.4 days (P > .05) . A similar lack of effect of the lUD on pseudo­
pregnancy in rats was reported recently by Wilson, Butcher and Inskeep 
(1969) . 
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The relationship/ if any, between lUD-caused luteolysis and lUD-caused 
infertility is unclear. Particularly in the pig, the two seem closely re­
lated. Premature regression of corpora lutea due to the nongravid horn 
leads to failure of implantation in pigs having one gravid horn (Anderson, 
1966). Corpora lutea and pregnancy in one horn can be maintained by exoge­
nous progesterone (Anderson, 1966). 
In other species uterine luteolytic action is probably independent of 
the infertility caused by an lUD. Both, however, may be caused by the same 
basic physiological process, possibly inflammation (Parr, 1968). Inflamma­
tion within the uterus has been shown to be luteolytic in several species. 
Brinsfield and Hawk (1968a, c) produced a septic inflammation in the uterus 
of the sheep during the early phase of the estrous cycle and found a short­
ening of that cycle. This luteolytic effect occurred bilaterally even when 
the infection was confined to one horn by ligating it. Contralateral lute-
olysis could be prevented if connections between the two uterine horns were 
prevented by severing one horn. For this effect the infection was required 
to be within the uterine lumen: an infection surrounding the uterus was 
without effect. Coudert and Short (1966) produced inflammation by bacte­
rial infection late in the estrous cycle of the ewe and observed lengthened 
cycles. Infusion of a gel into the uterus of cows which resulted in in­
flammation, but not distention, shortened cycles to the same extent as a 
plastic lUD (Yamauchi et , 1967) . In the horse intrauterine infusions 
of saline are sometimes accomplished therapeutically to terminate diestrus 
or anestrus through luteolytic action (Arthur, 1968) . It is possible that 
uterine distention is responsible for the luteolytic effect. However, 
Rowson and Moor (1968) found that luteal maintenance or regression in preg­
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nant or embryoectomized sheep was independent of distention. Distention 
also failed to influence luteolysis in pigs (Anderson, 1962). 
Effect of an lUD on the intrauterine environment 
Although the lUD may affect various parts of the reproductive system 
in some species, the primary site of action of it seems to be the uterus-
Several investigators have shown that morphologically normal embryos are 
present in normal numbers in the oviducts but soon after entering an lUD-
containing uterine horn they disappear or are killed. Table 1 summarizes 
these investigations in several species. 
Greenwald (1965) found in rats that if the cervical end of the lUD-
bearing horn was ligated on day 4 of pregnancy, slightly fewer embryos were 
recovered on the morning of day 5. Approximately 60% of these were frag­
mented or degenerating. Craig (1969) not only found that a small number of 
embryos were recovered from an lUD horn on day 5 but also that approximate­
ly 95% of these were highly abnormal. 
Results of experiments such as these have led to the idea that the lUD 
produces an intrauterine milieu which is hostile to embryos or which causes 
their premature expulsion. One extensively investigated mechanism which 
could cause premature expulsion is increased uterine motility. However, 
contradictory and inconclusive results were obtained from the studies of 
this mechanism. In women, for example, Johnson, Ek and Brewer (1966), 
Behrman and Burchfield (1968) , and Rozin e^ al. (1967) reported no changes 
in uterine motility after insertion of the lUD. Behrman, Archie and 0' 
Brien (1969) found no synchronous contractions in the lUD-containing uterus 
and in addition found that the uterus was quiescent from ovulation until 
Table 1. Summary of investigations showing the time of embryonic loss from an lUD-bearing uterus in 
several species 
Species 
Day embryos 
enter the 
uterus 
Pate of embryos 
in an lUD-bearing uterus 
Recovery rate 
normal at 
Recovery rate 
reduced by 
References 
Rat evening of day 4 morning of day 5 
Mouse 
Rabbit 
Ferret 
Monkey 
5 
4 
afternoon of day 4 morning of day 5 
156 hours after mating 180 hours after mating 
168 hours after mating 240 hours after mating 
day 4 days 5-7 
Doyle and Margolis, 1963, 
1964a; Greenwald, 1965; 
Craig, 1969 ; Ishihama 
and Miyai, 1969 ; Marston 
and Kelly, 1969b 
Doyle and Margolis, 1965, 
1966; Marston and Kelly, 
1966, 1969c 
Marston and Chang, 1969; 
Adams and Eckstein, 1965 
Marston and Kelly, 1969a 
Marston, Kelly and 
Eckstein, 1969a, b 
Pig 3-4 day 10 day 14 Hawk, 1968 
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the menses. Bengtsson and Moawad (1967), however, reported "labor-like" 
contractions at a time corresponding to ova transport and nidation. 
In sheep Brinsfield and Hawk {1968b) originally reported no quantita­
tive changes in uterine motility after inserting the lUD. Recently, how­
ever, a significant qualitative change was noted: uterine contractions 
were reversed in the lUD horn (Brinsfield and Hawk, 1969; Mann, 1969). 
Whether this altered motility contributed to the antifertility action of 
the lUD is not clear, as administration of estrogen, oxytocin, acetyl­
choline, physostigmine, epinephrine or manual massage failed to increase 
the fertilization rate (Warren and Hawk, 1968) . 
Marcus, Marcus and Wilson (1966) recorded contractions of rat uteri in 
vitro and found a pattern of hypermotility after lUD insertion and sug­
gested that this hypermotility was partially responsible for the disappear­
ance of embryos by day 5. However, in vivo studies in the rat have shown 
that hypermotility, if it occurred at all, probably had little effect on 
embryonic survival. Zambrana and Greenwald (1969) measured the uterine 
contractions vivo on day 5 of pregnancy and found no differences between 
the lUD and the control horns. Parr (1965) implanted electrodes in the 
myometrium of normal rats and found that implantation rates were unaffected 
by continuous stimulation from day 3 to 5. Complete autonomic denervation 
of the lUD-bearing uterus of mated rats did not improve embryonic survival; 
the animals remained sterile (Parr, 1968). 
Probably a more plausible explanation for the failure of survival and 
implantation of embryos is the lUD-altered uterine environment. This al­
tered environment has been postulated to either (a) be hostile to the em­
bryos themselves (Doyle and Margolis, 1966; Parr, 1968; Kar, Goswami, 
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Kamboj and Chowdhury, 1964; Marston and Chang, 1959; Marston and Kelly, 
1969a, b, c; Greenwald, 1965; Ledger and Irvin, 1968) or (b) prevent the 
decidual reaction (Craig, 1967; Psychoyos, 1966). 
Abundant experimental evidence documents intrauterine changes in the 
presence of an lUD. Kar, Goswami, Kamboj and Chowdhury (1964) analyzed 
several biochemical parameters of rat uterine fluid. In estrogen-treated, 
castrated rats the volume of fluid was reduced in the lUD horn. Due to in­
creased protein concentration, particularly albumin, the osmotic pressure 
of this fluid was greatly increased, perhaps exerting a dehydrating effect 
sufficient to kill embryos. Subsequently it was found that this increased 
osmolarity was caused by increased urea'concentration (Kar, Engineer, 
Dasgupta and Srivastava, 1969). In addition to increased protein- and non­
protein nitrogen the total lipid, phospholipid, free sterol and ster-
olesters, sodium, potassium and lactic acid concentrations were increased. 
The alkaline phosphatase activity was decreased. The pH of this fluid was 
unchanged. Sedlis, Kandemir and Stone (1967), however, found by in vivo 
measurements that the pH of human endometrial secretions was lowered. The 
cell debris content of the uterine exudate was increased in lUD horns in 
rats (Wrenn, Wood and Bitman, 1969a; Marston and Chang, 1969) and also in 
sheep (Cooper and Hawk, 1970a). 
Numerous studies have been made of structural and biochemical changes 
occurring in the uterus of several species after insertion of an lUD. Us­
ing crude monkey uterine homogenates Kar and coworkers (1965, 1967) re­
ported no changes in levels of RNA, DNA, protein nitrogen, non-protein ni­
trogen, sterolesters, alkaline phosphatase, lipids, sodium, potassium, 
chloride, vitamin A, collagen, 5-nucleotidase, lactic acid, glycogen, cyto-
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chrome oxidase, succinate and cytochrome reductase. However, an lUD caused 
an increased oxygen consumption in the uterus and also the oviduct of rats 
CKar, Chowdhury, Kamboj, Chandra and Chowdhury, 1965) and monkeys (Kar et 
al., 1966, 1967). These same parameters were subsequently measured in mon­
keys bearing an lUD for 4^ years. The only significant changes in either 
the uterus or oviduct were increased acid phosphatase activity and in-
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creased calcium ion concentration. Incorporation of C-valine into pro­
tein was unaltered in both the uterus and oviduct (Kar, Chandra, Kamboj, 
Chowdhury and Roy, 1970) . Chemical and histochemical studies in the rabbit 
by the same group also failed to indicate any significant changes in glyco­
gen content, alkaline phosphatase and lipid concentration or reticular fi­
ber makeup (Kar and Kamboj, 1965). 
Joshi and Sujan-Tejuja (1969) reported significant changes in several 
biochemical constituents in human uteri. Acid soluble nucleotides, DNA, 
RNA and acid and alkaline phosphatase concentrations were all increased. 
On the other hand. Hall et al. (1965) reported no change in the glycogen, 
mucopolysaccharides, alkaline phosphatase concentration and the cervical 
mucus. Joshi (1967b) found increased acid and alkaline phosphatase in 
rats. Callard and DeMerre (1966) noted an increase in 6-glucuronidase in 
lUD-bearing women. Hawk and Cooper (1966) and Cooper and Hawk (1968a) 
found an increase in mucopolysaccharides, hexosamine, heparin, hyaluronic 
acid, and chondroitin sulfate concentration in the uterus of the cow in re­
sponse to an lUD. Hexosamine and uronic acids were increased also in the 
sheep (Cooper and Hawk, 1968b). 
In the lUD-containing rat uterus Joshi (1967b), Kar, Kamboj, Chowdhury 
and Chowdhury (1965) and Kar and Kamboj (1964) found no alterations in 
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BNA, DNA or lipids. Wrenn, Wood and Bitman (1969a) could not confirm these 
results in the rat, reporting increased BNA and DNA concentration as well 
as increased levels of glycogen. Prager (1969) found that a nylon lUD in 
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rats decreased the incorporation of S into endometrial protein, but there 
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was no significant effect on 2- C thymidine incorporation into DNA. A 
copper or zinc lUD, however, significantly decreased the incorporation of 
14 both. Laumas and Yadava (1969) reported decreased C incorporation into 
protein, lipid and RNA at day 5 of pregnancy whereas all were increased af­
ter ovariectony and estrogen injection. Parr (1966) reported that an lUD 
caused increased glycogen deposition in the endometrium. Bo, Moore and 
Ashburn (1969) confirmed Parr's original supposition that this increased 
glycogen was present almost exclusively in infiltrated polymorphonuclear 
leucocytes. Parr (1968) also found increased lysozyme and ^-glucuronidase 
content in lUD-bearing rats. Craig (1967) found an increase in uterine 
collagen in rats by histochemical techniques. 
The role of inflammation in lUD action 
Histologically, an lUD causes characteristic changes in the uterus of 
all species studied (WHO, 1966, 1968; Ishihama and Kagabu, 1965). The en­
dometrial epithelium is usually denuded in the region of pressure from the 
lUD while it is apparently normal elsewhere (Marston and Chang, 1969; Kar 
and Chandra, 1968; Kar, Kamboj, Goswami and Chowdhury, 1965; Craig, 1967; 
Marston, Kelly and Eckstein, 1969b; Lee et al., 1967). The epithelium 
sometimes shows local keratinized metaplasia (Corfman and Richart, 1967) 
and contains columnar rather than low cuboidal cells in ovariectomized rats 
(Kar, Goswami, Kamboj and Chowdhury, 1964). Increased vascularity and 
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edema occur in varying degrees in the area occupied by an lUD (Wilson, 
Ledger and Andros, 1965; Kar and Chandra, 1965; Gerrits, Hawk and Storm-
shak, 1968; Hata et al., 1969). Variable numbers of fibroblasts, lympho­
cytes and plasma cells are usually present in the epithelium and stroma 
(Ober et al., 1968; Tamada ^  al., 1967; Gerrits, Hawk and Stormshak, 1968; 
Parr, 1968, 1969b). Occasionally, cystic glandular hyperplasia (Kar, 
Goswami, Kamboj and Chowdhury, 1964) and a luminal inflammatory exudate 
(Ledger and Bickley, 1966) occurs. Fibrosis and other slight alterations 
in the ground substance is often noted in the stroma (Hall et al., 1965; 
Craig, 1967; Hawk and Cooper, 1966; Brinsfield and Hawk, 1969; Kelly, 
Marston and Eckstein, 1969b). Trypan blue concentration is increased 
slightly in the tissue surrounding an lUD in the rat (Wrenn, Wood and 
Bitman, 1969a) and sheep (Cooper and Hawk, 1970b). Pontamir.e blue concen­
tration in the hamster (Orsini, 1965) and Alcian blue concentration in hu­
mans (Hall et al., 1965) are increased after lUD insertion. Parr (1968; 
1969b) reported that the nucleoli of the epithelial cells were large, hy­
peractive and persisted even after ovariectomy. Parr (1967) and Mathur and 
Chaudhury (1968) found an increased number of mast cells in the uterine 
horn containing an lUD in rats. 
The most general finding is the presence of polymorphonuclear leuco­
cytes (PMN) infiltrating the stroma, endometrial glands, and epithelium and 
accumulating in the uterine lumen. PMNs are invariably found in lUD-
bearing monkeys but never in normal monkeys (Kelly, Marston and Eckstein, 
1969b). Parr, Schaedler and Hirsch (1967), Marston and Kelly (1969b) and 
Greenwald (1965) found infiltration of PMNs in all lUD horns in rats. 
Havranek, Dykova and Tichy (1967) , however, reported that not all lUD horns 
I 
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were infiltrated and Craig (1967) found PMNs absent in lUD-horns of cas­
trate rats; exogenous estrogen caused their reappearance. In rabbits 
(Ledger and Bickley, 1966; Marston and Chang, 1969), humans (Willson, 
Ledger and Andros, 1965; Lippes, 1965; Hall et al., 1965; Hata et al., 
1969; Tamada et al., 1967; Sammour, Iskander and Rifai, 1967; Wynn, 1968) 
and cows (Hawk, Conley and Brinsfield, 1968) PMNs are seen in some uteri 
but not in others. Parr (1968) has suggested that the failure to observe 
PMNs in some uteri may be due to the portion of the uterus taken for histo­
logical examination; PMNs may be restricted to the area surrounding the lUD 
itself. In cows (Cooper and Hawk, 1968a), sheep (Hawk, 1969) and pigs 
(Rathmacher et , 1967) leucocytes are often seen grossly, adhering to 
the intrauterine device. Sagiroglu and Sagiroglu (1970) cultured adherent 
cells of lUDs which had been removed from himans and found large numbers of 
macrophages, as well as fibroblasts, PMNs and fibrin. They suggested that 
embryonic loss may be due to phagocytosis of the blastocyst by these macro­
phages . 
All of these findings are indicative of an inflammatory process, albe­
it a mild one (Kar and Chandra, 1968). Persistence of PMNs suggests that 
the inflammation remains acute as long as the lUD remains situ. Several 
investigators (cf. Parr, 1968; Greenwald, 1965; Kar and Chandra, 1968; 
Marston and Kelly, 1969b) have postulated that the uterine inflammation in­
duced by the lUD is the primary mediator of embryonic mortality. Foss, 
Home and Hertig (1957) have shown that even minor inflammation, in the ab­
sence of an lUD, in the human uterus is highly detrimental to fertility. 
Kubar (1958) described uterine pathologies in the cow which were closely 
associated with low pregnancy rates and which were similar to the endo-
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metritis found in lUD-bearing uteri. 
Parr (1969a) attempted to correlate the hostile intrauterine milieu 
with inflammatory products produced by the endometrium, or more particular­
ly, by the PMNs. Using germfree rats he showed a relation between presence 
of PMNs and lack of implantation. In these rats, embryos would implant in 
the same horn as the lUD, but only in the area not actually occupied by the 
lUD. The infiltration of PMNs followed the same pattern; PMNs were present 
in the nongravid (lUD) region but absent near the embryos. If such rats 
were subjected to a conventional environment, the whole horn became infil­
trated with PMNs and no embryos implanted. At the same time a greater bac­
terial population appeared than in the control horn. In the human, 
Willson, Bollinger and Ledger (1964) and Willson, Ledger, Andros and 
Bollinger (1965) found that bacterial populations were similar in lUD-
bearing women to that found in controls. Also, in sheep Cooper and Hawk 
(1970a) found no greater numbers of bacteria in lUD-containing horns than 
in controls. Thus, it appears that a sterile inflammation is sufficient to 
reduce fecundity but that bacteria may exacerbate the effect. Administra­
tion of antibiotics to conventional lUD-bearing rats did not improve embry­
onic survival (Parr, 1968). 
Parr (1969a) isolated a factor from PMNs which was capable of killing 
rat blastocysts vitro. Furthermore, he showed that this factor was 
present in the uterus of lUD-bearing rats in sufficient concentration to 
cause similar embryotoxicity vivo. However, since extracts of cells 
from various other sources (pig liver, KB, sarcoma) also had the same em-
bryotoxic effect, the relevance of the PMN embryotoxic factor to the in 
vivo situation remains to be determined. 
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Batta and Chaudhury (1968a) transferred uterine fluid obtained from 
the horns of lUD-bearing rats into the uterus of mated rats at days 2 and 
4. This treatment caused a significant decrease in the implantation rate, 
presumbly due to embryotoxic factors in the fluid. This postulated sub­
stance was reported to have smooth muscle-stimulating activity (a property 
common to many inflammatory products). DeBoer, Anderson and Melampy (1970) 
failed to confirm the existence of such an anti-implantation substance. 
They found that trauma alone, or saline alone containing no products ob­
tained from lUD horns, substantially reduced the implantation rate. 
If an inflammatory process produces an intrauterine milieu which leads 
to the death of the embryos, then the situation with histamine is especial­
ly interesting, although yet unresolved. It is generally agreed that the 
number of mast cells (Parr, 1967; Mathur and Chaudhury, 1968) and total 
histamine per uterine horn are increased in lUD-bearing rats (Parr, 1967, 
1968; Wrenn, Wood and Hitman, 1969a, b). Due to the growth of the horn in 
the presence of an lUD, however, the concentration of histamine may be un­
altered (Wrenn, Wood and Hitman, 1969a, b). Mathur and Chaudhury (1968) 
suggested that the number of mast cells was increased due to a lower turn­
over rate and less degranulation. In spite of increased mast cell numbers 
there would be less histamine available because of the lower degranulation 
rate. Hawk, Conley and Brinsfield (1968), on the other hand, reported in­
creased mast cell degranulation in the cow. However, whether histamine has 
any essential role in implantation, as argued by Shelesnyak et al. (1967), 
is also unsettled (see Humphrey and Martin, 1968 and Wrenn, Bitman and 
Wood, 1967). Scommegna and Chattoraj (1968) found an increase in diamine 
oxidase in lUD horns in rats. This enzyme, involved in histamine dégrada-
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tion, is often found in inflamed tissue and provides presumptive evidence 
for some J. unspecified, role of histamine in lUD action. Kar and Chandra 
(1965, 1968) administered anti-histamine to lUD-bearing monkeys and found 
that uterine inflammation was attenuated and that bleeding was inhibited. 
However, injection of an anti-inflammatory agent, cortisone, into rats 
failed to increase the implantation rate (Greenwald, 1965) or prevent the 
lUD-caused weight increase (Parr and Segal, 1966). Parr (1969b) postulated 
that the uterine weight increase was the direct result of inflammatory fi­
broplasia and hyperplasia. 
Embryo Transfer Studies in the Rat 
The technique of embryo transfer has been developed for several spe­
cies and used with considerable success to elucidate several aspects of re­
productive biology (Dickmann and Noyes, 1960, 1961). Hawk (1955) is the 
only author to report the use of this technique in conjunction with lUDs. 
Unfertilized ova were transferred from ewes bearing an lUD into normal un-
mated animals. Following mating these ova became fertilized, indicating 
that the failure of fertilization in ewes with an lUD was not caused by 
damage to the egg itself. The technique of embryo transfer is particularly 
well developed for the rat, making its adaptation to the lUD problem pecul­
iarly useful in this species. 
Nicholas (1933, 1942, 1947) developed the general procedure followed 
by many workers for transferring embiryos in rats. Using saline, the embry­
os were flushed out of the oviduct or uterus and collected in a watchglass, 
from vSiich they were drawn into a fine pipette and deposited into the uter­
us of the recipient. Nicholas found that pseudopregnant rats at about the 
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same stage as that of the donors provided satisfactory recipients. 
Later workers found that rat embryos from exactly synchronized donor-
recipient pairs or embryos from donors 1 day older than the recipients 
yielded the highest survival rates. Several investigators found survival 
rates ranging from 58% to 73% after the synchronous transfer of day 4 or 
day 5 embryos into the uterus of day 4 or day 5 pseudopregnant rats 
(Butcher, Blue and Fugo, 1969; Yoshida and Craig, 1968; Staples, 1968; 
Mantalenakis and Danezis, 1968, 1969; Tarkowski, 1962; Dickmann and Noyes, 
1960, 1961). In these studies physiological saline, Tyrodes solution, 
phosphate buffered Ringers solution (pH 7.3), or physiological saline-rat 
plasma (2:1) was used as the transfer medium. 
Dickmann and Noyes (1960) and Noyes and Dickmann (1960, 1961) defini­
tively studied the time relations required for successful transfer of rat 
embryos by using normal pseudopregnant recipients. They showed that day 5 
embryos into day 5 hosts (58% survival), day 5 into day 4 (68%) , or day 4 
into day 4 (70%) pseudopregnant hosts were the only combinations giving 
satisfactory results. The survival rates of embryos younger than 3 days or 
older than 5 days, or embryos at a later stage of development than the 
host, i.e., day 4 embryos into day 5 uteri, were very low. Dickmann and 
Noyes (1961) further found that degeneration of the embryos was the imme­
diate cause of failure to implant in uteri less than 3, or more than 5 days 
pseudopregnant. Unless embryos and uteri were closely synchronized in mat­
uration, incompatibility between the two, or an actively hostile uterine 
environment existed and degeneration of embryos occurred before iinplanta-
tion. 
Several workers have sought other types of recipients to extend the 
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effective range of times available for transplantation of embryos. Ketchel 
and Jîantalenakis (1966) obtained 54% survival of day 5 blastocysts trans­
planted into the uterus of rats treated with 1 mg prolactin per day for 5 
days beginning at estrus. Injection of 1 mg per day medroxyprogesterone 
into cycling rats for 5 days allowed 62% survival of transferred day 5 
blastocysts. Psychoyos (1961) administered 5 mg progesterone daily for 11 
days to ovariectomized rats. Day 5 blastocysts were transferred into the 
uterus on day 7 of progesterone treatment, followed by a single injection 
of 0.5 yg estradiol on day 9. Autopsy at day 11 revealed that 80% of these 
blastocysts had implanted. Yoshinaga and Adams (1967) injected 2 mg pro­
gesterone per day, starting at the day of estrus, for 5-11 days. Day 5 
blastocysts were transferred into these rats at days 5-11. Increasing num­
bers of embryos implanted as the duration of progesterone injections in­
creased, with 87% survival when transfer was on day 11. Hooverman, Meyer 
and Wolf (1970) used ovariectomized rats as recipients for day 5 blasto­
cysts. Recipient rats, cervically stimulated at estrus (day 1), were ovar­
iectomized on day 4 and given 4 mg progesterone daily for 2 days. On the 
last day of progesterone treatment, blastocysts, in about 3 yl of 80% Hanks 
balanced salt solution and 20% fetal bovine serum, were transferred into 
the uterus. Pregnancy was subsequently established and maintained by daily 
injection of 4 mg progesterone and 1 yg estrone. The authors did not re­
port the percentage of embryos surviving under these conditions, but it was 
evidently quite high, as six foster mothers carried 26 live fetuses at day 
18. 
Dickmann and DeFeo (1967) established a system for investigating de­
layed implantation. Rats were cervically stimulated on the day of pro-
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estrua and again at estrus (day 1). The following day (day 2) these rats 
were bilaterally ovariectomized and from day 2 to day 9 given 2 mg proges­
terone daily. Day 5 blastocysts were transferred into the uteri of these 
'delayed' rats on day 7. At day 10, 62% of these transferred embryos could 
be recovered. If, instead of recovering the embryos at day 10, the recip­
ients were treated with 2 mg progesterone plus 1 pg estrone per day from 
day 10 to 24, 48% of these transferred embryos developed into live fetuses. 
Later investigations disclosed that if ovariectomy was performed on the 
second day of diestrus and a similar regimen followed, 73% of the trans­
ferred blastocysts survived (Dickmann, 1967). 
Dickmann and Noyes (1961) performed double transfers of embryos using 
normal pseudopregnant recipients at day 4 or 5. Day 5 blastocysts were 
transferred into the uterus of day 4 pseudopregnant rats. Twenty-four 
hours later, the embryos were recovered and immediately retransferred into 
day 5 pseudopregnant rats. Of 52 blastocysts initially transferred into 
the uterus of the first ('incubator') recipient, 27 (52%) were recovered 
after 24 hours. Transfer of these 27 embryos into the second recipient 
yielded 9 living fetuses at day 18 (33% survival). Either the exposure to 
the 'foreign' environment or the double exposure to ^  vitro conditions may 
have caused the low survival rate. 
In studies designed to test conditions in the uterine environment at 
various stages of the reproductive cycle Dickmann and Noyes (1960) employed 
double transfer under several conditions. Embryos at day 2, 3 and 4 were 
transferred first into the uterus of a pseudopregnant host which was 1 day 
more advanced than the embryo, e.g. at days 3, 4 or 5. Of most interest 
were the results of 4 day embryos transplanted into day 5 pseudopregnant 
hosts. Four hours after transfer, 73% of the embryos originally trans­
ferred could be recovered. If recovery were attempted at 12 hours after 
transfer, 65% were recoverable, while only 14% were recoverable after incu­
bation for 17 to 28 hours. The embryos recovered from the uterus of the 
first recipient after 4 hoTirs and 12 hours were immediately retransferred 
into the uterus of a normal day 4 pseudopregnant host. Fifty-eight percent 
of the embryos incubated in the uterus of the first recipient for 4 hours 
developed into live fetuses, while only 27% survived after 12 hours incuba­
tion. These results indicated the production of a hostile environment in 
the day 5 uterus which kills younger embryos (but which causes day 5 blas­
tocysts to implant). 
32 
MATERIALS AND METHODS 
SASCO^ rats, derived from the Holtzman strain, were maintained in sep­
arate cages in air conditioned quarters (23 ± 2 C) under artificial light 
from 0700 to 1900 hours- They were fed Purina rat chow pellets and tap 
water ad libitum, supplemented with carrots once or twice weekly. Vaginal 
smears were taken daily from 0800 to 1100 hours by the lavage technique. 
Pregnant females, which served as the embryo donors, were obtained by plac­
ing proestrous females in a cage overnight with three to five males. Day 1 
of pregnancy was considered to be the day spermatozoa were found in the va­
ginal smear. 
Pseudopregnancy was induced by stimulating the cervix of estrous rats 
2 
with a vibrating rod held in an electric vibrator for 20 seconds (DeFeo, 
1965) . Rats were stimulated each morning that they exhibited nucleated or 
comified cells in the smears. Day 1 of pseudopregnancy was considered to 
be the last day of comified smear. A few females were caged with vasecto-
mized males, in which case day 1 of pseudopregnancy was designated as the 
day a vaginal plug was found. 
Normally cycling females were laparotomy zed mid-ventrally under ether 
anesthesia and a #5-0 silk thread inserted into the lumen of the right u-
terine horn. Commercial silk suture was sterilized by autoclaving and used 
after washing in running water for at least 12 hours. The anterior end of 
the thread was knotted and pulled up against the serosa of the uterine 
^SASCO Inc., 5309 North 24th Street, Omaha, Nebraska, 68107. 
2 
Vibro-Graver, Burgess Vibrocrafters, Inc., Grays Lake, Illinois. 
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horn. The posterior end was cut off so that a length lay freely outside 
the uterus and protruded into the abdominal cavity. A 1.5 cm length of 
thread lay intraluminally. The opposite uterine horn of the same animal 
served as the control. In this horn a thread was inserted and immediately 
•withdrawn. The lUD was inserted at least two weeks before using the animal 
for a donor or recipient of embryos-
The embryos were transferred, between 1000 and 1900 hours, from day 4 
donor animals to day 4 pseudopregnant recipients. The technique of trans­
fer was essentially the same as described by Dickmann and Noyes (1950) and 
Dickmann and DeFeo (1967). The pipettes used to transfer the embryos were 
prepared by drawing the end of a 100 X capillary tube to an inside diameter 
of approximately 100 y. After sterilization by autoclaving, the micro-
pipettes were sealed onto an 18 gauge needle with sealing wax^ and the nee­
dles mounted on a 50 yl Hamilton microsyringe. The entire apparatus was 
then filled with the transfer medium to facilitate smooth operation. 
The medium used to flush, collect, and transfer embryos consisted of 
two parts sodium phosphate buffer (pH 7.3) in 0.9% NaCl, and one part rat 
plasma. To obtain rat plasma, blood was collected by heart puncture into 
sterile heparinized syringes and centrifuged at 1000 x g for 10 minutes. 
After mixing the plasma and buffer, the transfer medium was incubated at 35 
C. All media, instruments and glassware, as well as a dissecting micro­
scope, were maintained in an incubation chamber at 35 C. The pipette and 
suture needle used to puncture the uterine wall and all other instruments 
^Fisher Scientific Company, 1458 N. Damon Ave., Chicago, Illinois, 
60651. 
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coming in contact with the embryos or recipient uterus were sterilized. 
After collection of the embryos, all subsequent manipulations and observa­
tions were carried out within the incubation chamber. 
Embryos for transfer were obtained by killing donors and removing im­
mediately the ovaries and oviducts, and placing them aseptically in a 
watchglass containing about 2 ml transfer medium. Using the dissecting 
microscope the fimbrial end of the oviduct was cannulated with a blunt 27 
gauge needle on a 1 ml syringe and the oviductal embryos flushed with about 
0.1 ml transfer medium into a watchglass. Under 50 x-magnification the em­
bryos were located and the normal 8-32 cell embryos drawn up into the 
transfer pipette in 2 to 3 yl medium. The embryos were exposed to these in 
vitro conditions for 10 to 15 minutes. 
As soon as the embryos were drawn into the transfer pipette, the re­
cipient, at day 4 of pseudopregnancy, was laparotomized midventrally. The 
uterus was gently grasped with the surgeon's fingers and a puncture made 
with a fine cutting edge needle near the tubouterine junction. The pipette 
was inserted through this small incision and the embryos gently ejqselled 
into the uterine lumen. Embryos were then transferred in a similar manner 
in the opposite horn. Two to ten embryos were transferred into each uter­
ine horn. The incision in the recipient was closed and the rat was re­
turned to its cage. 
Following embryo transfer into the first recipient (Recipient I) these 
embryos were transferred after a few hours to a second recipient (Recipient 
II) where they were allowed to develop to day 13. After the required time 
of incubation in the uterus of Recipient I, this animal was killed and both 
uterine horns were removed to watchglasses containing 1 ml transfer medium. 
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The homs were flushed individually with about 0.4 ml medium and the embry­
os transferred into the corresponding uterine horn of a second day 4 pseu-
dopregnant recipient (Recipient II) . The embryos flushed from the right 
horn of Recipient I were transferred into the right horn of Recipient II. 
The percent recovery of embryos was calculated as the number of embry­
os recovered from each uterine horn of Recipient I divided by the number 
originally transferred into each horn, x 100. The terminal recipients 
(Recipient II) were killed on day 13 and the number of implantation sites 
and living embryos determined for each horn. Only embryos which had a de­
tectable heartbeat were considered live embryos. Percent survival was cal­
culated as the number of live embryos per horn at day 13 divided by the 
number of embryos transferred into that horn, x 100. These percentages 
were converted to arcsines for statistical analysis. 
Four series of experiments were conducted using the above techniques. 
The experimental groups are shown in Table 2. The experimental design for 
the double transfer of embryos is shown in Figure 1. 
Effect of an lUD on Oviductal Embryos 
To determine whether an lUD affected the viability of embryos prior to 
their entry into the uterus, oviductal embryos from lUD-bearing rats were 
transplanted into normal pseudopregnant hosts. For this experiment 12 rats 
with an lUD in the right uterine horn were mated and were used as the em­
bryo donors. Between 1100 and 1500 hours on day 4 of pregnancy the donor 
was killed and the embryos from each oviduct were recovered and transferred 
to the corresponding hoim of the recipient. The left uterine horn of Re­
cipient I received embryos recovered from the non-IDD horn of the donor. 
Table 2. Treatment groups 
Series Group 
No. of 
rats 
Type 
of 
trcinsfer 
1 (Oviductal 
effects) 
2 (Time effects) I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
4-v4 
4 ->4 ->-4 
4 ->-4 ->-4 
4 -»-4 ->-4 
4 ->4 ->4 
4 ->"4 ->"4 
4 ->4 -)-4 
4 ->-4 ->4 
4 ->-4 ->4 
12 4 ->4 ->4 
Treatment 
of 
Recipient I 
Time embryos 
remained in uterus 
of Recipient I 
(hours) 
Normal day 4 PP . Embryo 
donor with lUD in right 
horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Day 4 PP; lUD right horn 
Normal day 4 PP. Control 
Day 4 PP; lUD right horn; 
both horns ligated prior 
to transfer 
Day 4 PP; lUD right horn; 
embryos washed prior to 
second transfer 
1 
1^ 5 
2 
2^ 
3 
3h 
4 
4 
2h 
Series Group 
No. of 
rats 
Type 
of 
transfer 
Time embryos 
Treatment remained in uterus 
of of Recipient I 
Recipient I (hours) 
3 (lUD removal) A 12 Day 4 PP; lUD right horn, 
removed 72 hours prior to 
transfer 
3 
B 12 4->4->4 Day 4 PP; lUD right horn, 
removed 48 hours prior to 
transfer 
3 
C 12 4->4->-4 Day 4 PP; lUD right horn, 
removed 24 hours prior to 
transfer 
3 
D 12 4+4+4 Day 4 PP; lUD right horn, 
removed 6 hours prior to 
transfer 
3 
4 (Ovariectomy) I 9 5+X®+4 Ovariectomized + progesterone; 
lUD right horn 
3 
= pseudopregnancy. 
Day of pregnancy of donor. 
^Day of pseudopregnancy of Recipient I. 
"^Day of pseudopregnancy of Recipient II. 
= ovariectomized. 
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Embryo donor 
(Day 4 pregnant) 
Recipient I (Day 4 PP) 
Treatments 
a. Embryos incubated 1-4 
hours 
b. Uterine ligation 
c. Washing of embryo 
d. lUD removed 
e. Ovariectomized + 
progesterone 
Recipient II (Day 4 PP) 
Killed at day 13 
Figure 1. Experimental design for double transfer of embryos 
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At day 13, the recipients were autopsied and the number of living embryos 
was determined. 
The Duration of Embryos in an lUD-bearing Horn on Embryonic Survival 
This experiment was designed to determine if an embryotoxic factor is 
produced by the uterine horn containing an lUD, and, if so, the time re­
quired for destruction of the embryos. Ten groups, each group involving 
double transfer of embryos, were established in a randomized block design 
with 12 replicates per block. The results were analyzed by analysis of 
variance and regression analysis after transforming the percent recovery 
and percent survival of the lUD and non-IUD horn separately to arcsines 
(Snedecor and Cochran, 1967). 
In Group I normal day 4 embryos were first transferred into a 4 day 
pseudopregnant host, the right uterine horn of which contained an lUD. One 
hour later these embryos were flushed from both horns of Recipient I and 
transferred into the corresponding horns of Recipient II. In the other 
groups (Groups II through VII) the embryos were subjected to the uterine 
environment of Recipient I for periods ranging from 1^ to 4 hours. Embryos 
were transferred into both the normal and the lUD-bearing uterine horn of 
each Recipient I. The normal (intact) horn of Recipient I served as a 
within-animal control. 
For analysis of between-group effects a separate control group (Group 
VIII) was included. Embryos from day 4 donors were transferred to each 
uterine horn of intact day 4 pseudopregnant recipients (Recipient I). The 
embryos resided in Recipient I for 4 hours and then were transferred to 
Recipient II for determination of embryonic survival at day 13. 
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In Group IX, the cervical ends of both horns of Recipient I were li-
gated to prevent expulsion of embryos. Then embryos from day 4 donors were 
transferred to the Recipient I rats. After 2h hours the embryos were re­
covered and transplanted to Recipient II animals for embryonic development 
to day 13. 
Preliminary results indicated that flushings obtained from the lUD-
bearing horn contained a much greater amount of cellular exudate and debris 
than found in the opposite intact horn. Possible embryotoxic effects of 
uterine fluids were determined by separating the embryos from the uterine 
fluid in Group X. Day 4 embryos were transferred to the day 4 pseudopreg-
nant animal (Recipient I) which had an lUD in the right horn. After 2 
hours the embryos were recovered and separated from the uterine fluid by 
micropipetting them into a watchglass containing 1 to 2 ml of fresh medium. 
The embryos then were transplanted to Recipient II for fetal development to 
day 13. 
lUD Removal and Embryonic Survival 
Previous results (Series 2) had shown that embryonic losses were maxi­
mal after 3 hours exposure to an lUD-environment. To test the reversibil­
ity of these effects, embryos were first transferred into the uterus of 
Recipient I animals in which the lUD had been previously removed at various 
times. The lUD was removed from Recipient I 72 (Group A), 48 (Group B), 24 
(Group C), or 6 hours (Group D) before embryo transfer. After the trans­
planted embryos had remained in the uterus for 3 hours (Recipient I), they 
were recovered and transferred into Recipient II to determine embryonic 
survival at day 13. 
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Effect of Ovariectomy and an lUD on Embryonic Mortality 
A preliminary experiment, again involving double transfer of embryos, 
was designed to elucidate the effect of ovarian hormones on the embryotoxic 
activity of an lUD. Nine animals (Recipient I) were ovariectomized at 60 
days of age. One month later a silk thread lUD was inserted in the right 
uterine horn; the day of insertion was designated day 0. The following day 
(day 1) progesterone injections were begun. From days 1 through 4, 2.5 mg 
progesterone per day and on days 5 through 8, 5 mg progesterone per day in 
0.1 ml sesame oil was administered. Blastocysts were recovered from the 
uterus of day 5 donors and transferred into both horns of the castrated 
animals (Recipient I) on day 8 of progesterone treatment. Three hours af­
ter transfer, the castrate recipients were killed, their uteri flushed and 
the recovered blastocysts transferred into an intact normal day 4 pseudo-
pregnant host (Recipient II). These animals (Recipient II) were autopsied 
on day 13. 
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RESULTS 
Effect of an lUD on Oviductal Embryos 
An lUD did not affect the survival rate of embryos obtained from the 
adjacent oviduct (Table 3) . Similar numbers of 8 to 32 cell embryos were 
recovered from the oviduct adjacent to the lUD as from the opposite control 
horn. The high survival rates of these embryos (Table 3) indicate that 
most embryos are viable until they enter the lUD-bearing uterus of the rat. 
Table 3. Survival of embryos transferred from an oviduct ipsilateral or 
contralateral to an lUD-bearing horn in the rat 
Survival of embryos 
in uterus of intact recipient 
No. rat at day 13 
Embryos in oviduct embryos 
transferred No. Percent 
Ipsilateral to lUD 61 39 53.9 
Contralateral to lUD 60 38 63.3 
Embryos were transplanted to an intact recipient rat. 
The Duration of Embryos in an lUD-bearing 
Horn on Embryonic Survival 
Effect of an lUD on the recovery rate of embryos 
An lUD caused a significant loss of embryos transferred into that horn 
but the recovery rate in the opposite, intact horn was unaffected (Tables 4 
and 5) . This loss of embryos from the lUD-bearing horn was dependent on 
the duration of exposure to the lUD (Figure 2) . The linear regression co­
efficient was significantly different from zero for the lUD horn (P < 0.01) 
Table 4. Recovery and survival rates of rat embryos in an lUD-bearing uterus 
No. hours embryos 
incubated in uterus 
of Recipient I 
Percent recovery 
at day 4 
Percent survival 
at day 13 
Group Treatment lUD horn Control horn lUD horn Control horn 
I lUD right horn 1 49.4 56.5 37.9 41.6 
II lUD right horn 1^ 44.1 64.4 34.3 39.0 
III lUD right horn 2 36.7 55.5 38.4 52.2 
IV lUD right horn 2^ 14.9 53.4 25.0 44.0 
V lUD right horn 3 13.7 56.4 27.3 40.6 
VX lUD right horn 3*5 11.8 58.3 11.1 54.2 
VII lUD right horn 4 14.3 51.8 9.1 42.9 
VIII Intact control 4 59.0^ 68.0 41.2^ 41.1 
IX Both horns ligated; 
lUD right horn^ 66.2 61.2 28.5 42.9 
X Embryos washed; 
lUD right horn° 2 30.5 57.6 33.3 41.1 
^o lUD. 
^Uterine horns of Recipient I ligated prior to embryo transfer. 
"^Embryos washed free of cellular debris after recovery from Recipient I. 
Table 5. EmlDryos recovered from an lUD-bearing hom and their survival 
Recovery Survival 
Hours embryos at day 4 (no.) at day 13 (no.) 
incubated in : 
Group Treatment Recipient I lUD horn Control horn lUD horn Control horn 
I lUD right horn 1 38 39 11 15 
II lUD right horn 1*5 41 38 12 14 
III lUD right horn 2 29 25 10 12 
IV lUD right horn 23î 13 31 3 12 
V lUD right horn 3 11 35 3 13 
VI lUD right hom 3^ 9 35 1 19 
VII lUD right hom 4 11 29 1 12 
VIII Intact control 4 36^ 36 14^ 15 
IX Both horns ligated; 
lUD right hom^ 2h 49 30 13 12 
X Embryos washed; 
lUD right horn° 2 25 38 8 15 
^o lUD. 
^Uterine horns of Recipient I ligated prior to embryo transfer. 
'^Embryos washed free of cellular debris after recovery from Recipient I. 
Figure 2. Effect of the time of exposure to an lUD-bearing uterine horn on the recovery rate of 
embryos 
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but not different from zero for the non-IUD horn (P > 0.05). The quadratic 
component of the regression of time of incubation on percent recovery was 
non-significant for both horns (P > 0.05). 
The results of Group IX show that caudal ligation of both uterine 
horns of Recipient I prior to embryo transfer restored the recovery rate of 
embryos to 66.2% in the lUD horn. This recovery rate was not significantly 
different from that obtained in the ligated opposite, control horn. Among 
the 49 embryos recovered from the ligated lUD horn, 10 (20.4%) were degen­
erating, compared with 2 of 30 (6.6%) from the opposite horns and an aver­
age of 8.5% for all the control (non-IUD) horns of all other groups. De­
generating embryos accounted for an average of 12.5% of all embryos recov­
ered from the lUD horn of all the other groups. 
These results indicate that an lUD has a highly deleterious effect on 
the recovery rate of embryos transplanted into the lUD horn. They also 
show that this effect is dependent on the time that the embryos are exposed 
to the lUD horn, 2h hours being sufficient to cause the loss of about 85% 
of the embryos. In contrast, the recovery rate of embryos transferred into 
the non-IUD horn of the same animals was unaffected in all groups 
(P > 0.05) . The recovery rate was a sensitive indicator of the intra­
uterine milieu affecting the embryos. 
Analysis of variance was performed after transforming the recovery 
percentages to arcsines (Table 6). Percent recovery from the lUD-bearing 
horn was not reduced by exposure of the embryos to this uterine environment 
for 1 hour (Group VIII vs. I, P > 0.05) or 1^ hours (Group VIII vs. II, 
P > 0.05). By 2 hours, however, the recovery rate was less than that of 
the controls (Group VIII vs. Ill, P < 0.05). 
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Table 6. Analysis of variance of recovery rates from lUD horns 
Source of variation d.f. Mean square^ 
A (Replicates) 11 0.2425 
(Treatments) 9 0.6105** 
Group VIII vs. I 1 0.0870 
Group VIII vs. II 1 0.1974 
Group VIII vs. III 1 0.7938** 
Group VTI vs. IV 1 0.0072 
C (lUD vs. control hom) 1 7.7906** 
AB 99 0.2312 
BC 9 0.3594* 
Error 110 0.1329 
^Statistical analysis were performed on the arcsin transformation of 
percentages. The data are derived from Table 4. 
*P < 0.05. 
**P < 0.01. 
The replicate mean square was not significant, indicating that minor 
changes in manual dexterity, animals, or the time when the experiments were 
conducted had no effect on the treatments. 
Effect of an lUD on the survival rates 
Survival in the non-IDD hom The survival rate of embryos from the 
non-IDD hom in all treatment groups was similar to each other or to the 
controls (Table 4; Group VIII; P > 0.05). In Figure 3, showing the effect 
Figure 3, Effect of the time of exposure to an lUD-bearing uterine horn on the survival rate of 
embryos 
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of duration of the embryo in the uterus of Recipient I on subsequent sur­
vival, the curve for the non-IUD horn had a slope not significantly differ­
ent from zero (P > 0.05). The survival rates of the embryos recovered from 
non-IUD horns in several groups were higher than the external control 
group. This result indicates that an lUD in one horn of the rat does not 
affect the survival of embryos in the opposite intact uterine horn. 
Survival in the lUD horn There was an inverse relationship between 
the duration of embryo incubation in the lUD horn of Recipient I and per­
cent survival. The lUD decreased embryonic survival as the time of expo­
sure to the environment of the lUD horn increased (Table 4 and Figure 3). 
The highest percentage of embryo survival from the lUD horn (38.4% at 2 
hours; Group III) was similar to the lowest survival rate from the oppo­
site, non-IUD horn (39.0%; Group II). Although lower, the percent survival 
of embryos from the lUD horn did not differ significantly from the controls 
during the first 2 hours of exposure to this uterine environment (Group 
III; P > 0.05). After 2h hours incubation the survival rate was signifi­
cantly decreased to 25.0% (P < 0.05; Group VIII vs. Group IV, Table 7). 
Extending the incubation time to 4 hours further depressed the survival 
rate to 9.1%. Figure 3 shows the decrease in survival by increasing the 
duration of incubation in an lUD horn. The linear regression of duration 
of incubation on percent survival was highly significant (P < 0.01). The 
quadratic component of time versus percent survival was not significant 
(P > 0.05) . Figure 4 shows the similarity of the effects of duration of 
incubation in an lUD horn on embryo recovery and survival rates. 
The survival rate of embryos recovered from the ligated lUD horn in 
Group IX was 28.5%, and not different from that obtained from unligated 
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Table 7. Analysis of variance of survival rates of embryos from an lUD 
horn 
Source of variation d.f. Mean square^ 
A (Replicates) 11 0.2372 
^(Treatments) 9 0.1346 
Group VIII vs. Ill 1 0.2724 
Group VIII vs. IV 1 1.0350** 
Group IX vs. IV 1 0.0051 
Group X vs. III 1 0.0078 
Group VIII vs. IX 1 0.7214* 
c (lUD vs. control horn) 1 5.4615** 
AB 99 0.2617 
BC 9 0.4003 
Error 110 0.2512 
^Statistical analysis were performed on the arcsin transformation of 
percentages. The data were derived from Table 4. 
*P < 0.05. 
**P < 0.01. 
horns at 2h hours (25.0%; P > 0.05; Group IX vs. Group IV, Table 7). This 
survival rate, however, was significantly below the survival rate of the 
control animals (P < 0.05; Group IX vs. Group VIII, Table 7). 
The results in Group X show that washing the embryos free of the cel­
lular debris generated by an lUD had no effect on their subsequent surviv­
al (Table 4) . The survival rate of these washed embryos (33.3%) was com­
pared to the survival rate of embryos obtained from lUD horns after 2 hours 
incubation (Group III, 38.4%). This difference was not significant 
Figure 4. Comparison of effect of the time of exposure to an lUD-bearing uterine horn on the 
recovery and survival rates of embryos 
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(P > 0.05; Group X vs. Group III, Table 7). 
The embryonic losses in Recipient II were apparently not caused by 
postiinplantation resorption in ?.ny of the groups. The total number of dead 
or resorbing fetuses observed in Recipient II at day 13 in any group ranged 
from 0 to 5 in the lUD-hom and 0 to 9 in the opposite control horn. 
lUD Removal and Embryonic Survival 
Effect of removing the lUD on the recovery rate 
Removing the lUD significantly increased the recovery rate of embryos 
as compared with that obtained when the lUD remained situ. This effect, 
however, was dependent on the time interval between lUD removal and embryo 
transfer (Table 8) . In Group A the recovery rate was similar to that of 
intact control animals - The recovery rates from the lUD horns in the 48-
and 24-hour groups (Groups B and C) were below (P < 0.05) that of controls 
but also above (P < 0.05) that obtained when the lUD remained in situ 
(Group V, Table 4) . The recovery rate from the horn in which the lUD had 
been removed 5 hours before transfer (Group D) was less than that of Group 
A (P < 0.05). This recovery rate, however, was higher than the correspond­
ing rate in animals in which the lUD had not been removed (Group V, Table 
4) . 
The recovery rates from the non-IUD horn of all four groups did not 
differ from controls (P > 0.05). 
Effect of removing the lUD on the survival rate 
Non-lUP horn In all groups the survival rate in the non-IUD horn 
was similar to that seen in the non-IUD horns in Table 4. Since this horn 
Table 8. Effect of removing an lUD on the subsequent recovery and survival of rat embryos® 
Group 
Time lUD removed 
prior to embryo transfer 
(hours) 
Percent recovery Percent survival 
lUD horn Control horn lUD horn Control horn 
A 72 47.7^'^ 60.8 41.3 42.3 
B 48 33.3 61.4 60.0 41.1 
C , 24 27.9^ 58.5 57.1 52.2 
D 6 22.5° 43.5 37.5 45.0 
^Statistical analyses were performed on the arcsin transformation of percentages. 
^'^Group means with similar superscripts differ significantly from each other (P < 0.05). 
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had been traumatized 6 to 72 hours prior to receiving embryos by trans­
plantation , the normal survival rates indicate that trauma per se had lit­
tle effect on the subsequent viability of the recovered embryos. 
lUD horn The survival rates in all four groups were significantly 
higher than that found in rats having an lUD in situ (11.1%; P < 0.05; 
Group VI; Table 4). The survival rates in the 72-hour (41.3%; Table 8) and 
6-hour groups (37.5%; Table 8) were similar to those in rats without an lUD 
(Group VIII, Table 4; P > 0.05). The survival rates for embryos recovered 
at 48 or 24 hours were higher than the survival rates in any of the non-IUD 
horns in Table 4. A t-test performed between these values (51.1% and 
50.0%) and the average percent survival (44.3%) for non-IUD horns in all 
groups in Table 4 indicated they were similar (P > 0.05). 
Effect of Ovariectomy and an lUD on Embryonic Mortality 
Both the recovery and survival rates of blastocysts transferred into 
an lUD-bearing horn of castrated rats treated with progesterone were in­
creased over those in non-castrate, lUD-bearing animals (Table 9). Forty-
seven blastocysts were transferred into the lUD horn of ovariectomized, 
progesterone-treated rats (Recipient I). After 3 hours, 13 were recovered 
from four of the nine recipients. Thirty-nine blastocysts were transferred 
into the opposite, control horn, of which 16 were subsequently recovered 
from five of the nine recipients. Although the difference was large be­
tween the recovery in the control versus the lUD horn, this was not signif­
icant by Student's t-test (P < 0.20}. The percent recovery in the control 
horn was not significantly lower than the average recovery rate from the 
non-IUD horns of animals shown in Table 9 (P > 0.05). 
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Taille 9. Recovery and survival rates of blastocysts transferred into the 
lUD-bearing uterus of ovariectomized rats treated with proges­
terone 
Blastocysts recovered Survival of blastocysts 
I UP horn Control horn lUD horn Control horn 
No. Percent No. Percent No. Percent No. Percent 
Ovariectomized rats 
13 27.7 16 41.0 9 69.2 9 56.3 
Intact rats with an lUD 
11 13.7 32 56.4 3 27.3 13 40.6 
Of the 13 blastocysts which had been recovered from the lUD horn of 
Recipient I and transferred into Recipient II, nine were alive at day 13. 
Nine of the 16 which had been recovered from the non-IUD horn of Recipient 
I survived to day 13. These survival rates were higher than those obtained 
from double transfers of day 4 embryos involving intact animals without an 
lUD (P < 0.05; Group VIII; Table 4). 
General Results 
Over all treatments, 2045 embryos were transferred into both uterine 
horns of Recipient I, of which 822 were recovered. Of these, 766 were 
transferred again into the 177 animals used as Recipient II. The percent 
survival in the control transfer of day 4 embryos into the uteri of day 4 
pseudopregnant hosts (Table 4, Group VIII) was 41.2%, which is consistent • 
with results (Range 33% to 58%) of previous investigators using double trans­
fer of embryos. The average embryonic survival for all the contralateral. 
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non- lUD, (within-animal control) horns over all the groups in Table 4 was 
44.3% (range 39.0 to 54.2%). There was no significant difference in per­
cent survival between double transfers involving the horn contralateral to 
the lUD and normal transfers from day 4 pregnant into day 4 pseudopregnant 
hosts without an lUD (Group VIII, Table 4). These results indicate that an 
lUD in one horn does not significantly affect survival in the opposite 
horn. 
The uterine flushings obtained from the lUD-horn of Recipient I in all 
groups contained variable amounts of cellular debris and exudate. Such 
exudates were rarely seen in the contralateral (non-IUD) horn. The amount 
of debris was less in the ovariectomized animals than in intact animals. 
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DISCUSSION 
The critical time at which an lUD exerts its antiimplantation action 
in the rat seems to be between 1800 hours on day 4 of pregnancy and 1000 
hours on day 5 (Table 1) . Morphologically normal, as well as a normal num­
ber of embryos can be recovered from the oviduct up to 1800 hours on day 4 
(Doyle and Margolis, 1963, 1964a; Craig, 1969; Greenwald, 1965). That 
these embryos are, in fact, normal and viable is clearly shown by the re­
sults of the first transplantation experiment (Table 3). These results 
rule out any significant effect of an lUD on the embryo prior to its entry 
into the uterus of the rat. 
In rats having an lUD, by the morning of day 5 the embryos cannot be 
found either in the oviduct or the uterus (Doyle and Margolis, 1963, 1964a; 
Craig, 1969; Greenwald, 1965). It has been postulated that an altered 
intrauterine milieu in an lUD-bearing uterus either rejects or destroys the 
entering blastocyst (Kar and Chandra, 1968; Parr et al. , 1967; Greenwald, 
1965). Parr (1969c) attempted to duplicate, in vitro, the time course of 
this postulated embryotoxicity. By culturing rat morulae with an embryo-
toxic factor (polymorphonuclear leukocyte extracts) for 17 hours on the 
evening of day 4 and morning of day 5, blastulation was prevented. In the 
presence of this factor embryos were killed within 17 hours but control 
morulae cultured without this extract developed to the blastula stage. 
The results presented here show that embryos can be killed quickly by 
exposure to an lUD environment vivo (Table 4) . Only 4 hours exposure 
proved highly lethal to embryos (Group VII, Table 4). Since rat embryos 
normally remain free floating and unattached from the time they enter the 
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uterus on day 4 until implanting late on day 5 (Dickmann and Noyes, 1960; 
Noyes and Dickmann, 1960) , it is evident that the embryos would be lost or 
destroyed before the time of implantation on day 5 in an lUD-bearing rat. 
Even if a decidual reaction could be elicited in a uterine horn with an 
lUD, few embryos could implant and develop since, given the rapid and 
stringent embryotoxicity demonstrated here, few embryos survive to initiate 
the reaction. 
As noted in Tables 4 and 5 embryos had largely disappeared by 2h hours 
after exposure to an lUD horn. It is riot clear if this loss was the result 
of a cytolytic embryotoxic factor or whether, via increased motility or 
other mechanisms, the embryos were simply flushed out of the uterus and in­
to the vagina. That is, were the embryos expelled intact from the uterus 
or did they undergo degeneration within the uterus? The results obtained 
in the ligation experiment (Table 4, Group IX), wherein a large percentage 
of embryos could be recovered even after 2h hours incubation in an lUD 
horn, suggests that an lUD merely accelerated the exit of embryos from the 
uterus. Table 4 and Figure 4 show, however, that survival rates also de­
clined, parallel with decreasing numbers of recoverable embryos as a func­
tion of time. In addition, the survival rate of embryos recovered from the 
ligated horns was significantly lower than the controls. These results 
suggest that an lUD affects embryos in two ways: (1) by hastening their 
progress through the uterus and into the vagina and (2) by actively pro­
viding an embryotoxic environment within the uterus, rendering embryos non­
viable and eventually cytolyzing them. In the group with the ligature, 
20.4% of the recovered embryos were degenerating, compared with only 8.6% 
in the control horns. 
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A single mechanism may be postulated for the correlation shown in 
Figure 4 where recovery and survival of embryos are parallel. Perhaps some 
intrauterine factor is produced which interferes with the metabolism of the 
embryo. Short-term exposure to this agent may then result in only slight 
metabolic damage to the embryo, perhaps in the adhesive properties of the 
embryo. Lacking this normal physiological capacity to maintain itself in 
a free floating state within the uterus, the embryos might soon be passive­
ly e^^elled into the vagina. In this early stage of exposure the embryo 
may still be viable if removed from the lUD influence and transplanted into 
a normal uterus. If one accepts the possibility that a hostile milieu 
preferentially affects one type of embryonic physiologic process, such as 
adhesiveness, then one avoids the difficulty of postulating that the lUD 
increases the dynamic forces tending to force the embryo out of the uterus, 
such as by increasing uterine motility. The evidence, as shown earlier, is 
against any significant lUD-caused increase in uterine motility in the rat 
(Parr, 1965; Zambrana and Greenwald, 1959). 
In any case the results of double transfer of embryos clearly show 
that, in the presence of an lUD, embryos progressively disappear and also 
become less viable with time. If mechanically prevented from leaving the 
uterus (Group IX) they have already been affected and have decreased via­
bility. The rapid time course, 2h to 4 hours, of production of this embry-
otoxicity indicates a potent and highly abnormal intrauterine milieu. 
Dickmann and Noyes (1960) found that the embryotoxic factor present late on 
day 5 required a much longer time to produce similar embryonic loss. For 
example, when day 4 embryos were transferred into a day 5 host and incu­
bated up to 12 hours, a normal number (65 to 73%) were recovered. When 
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retransferred into a second recipient after 4 hours incubation, 58% sur­
vived to day 18. After 12 hours incubation the survival rate had decreased 
to 27%. After 17 hours a greater embryotoxic effect was evident by the 
greatly reduced number (14%) of recoverable embryos. Dickmann (1967) be­
lieved that the uterus produced a substance which acted against the 'for­
eign' embryos. This factor appeared to be evoked by the action of estrogen 
on the uterus. Progesterone injections for 5 days were capable of sup­
pressing the embryotoxic activity. 
In the experiments reported here the much greater speed with which an 
intrauterine environment in an IUD-bearing horn affected embiryonic viabil­
ity, suggests somewhat different conditions than that responsible for 
killing asynchronous embryos on day 5. In addition, of course, the normal 
uterus is not hostile at day 5 to embryos which are also at day 5, whereas 
the lUD-bearing ute3rus is hostile to day 5 blastocysts as well. 
Additional evidence that an lUD causes death of embtyos and their pre­
mature expulsion from the uterus was obtained from experiments in which 
the lUD was removed. When the lUD had been removed 5 hours prior to intro­
ducing the embryos, the survival rate of embryos recovered from those horns 
remained as high as that found in control (Group VIII, Table 4) or non-IUD 
horns (Table 4). This result suggests that the active embryotoxic factor 
in the intrauterine milieu was no longer produced in the absence of the 
lUD. This uterine toxicity is of short duration since its presence could 
no longer be detected 5 hours after removing the lUD. Shorter time inter­
vals between removing the lUD and transferring embryos into that horn was 
not attempted due to possible masking of embryotoxic effects by surgical 
trauma. It is possible that the embryotoxic action is a product of active 
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metabolism in the lUD-bearing uterus and has an extremely short half-life. 
Hawk (1967, 1969) found that the spermicidal activity of the lUD-bearing 
uterus in the ewe was dependent upon active metabolic processes. When 
spermatozoa were transferred into a viable, transplanted uterus containing 
an lUD the spermatozoa were broken as in intact, naturally mated ewes. If 
the uterine transplant was non-viable, the spermatozoa were unaffected. 
Although the survival rate of embryos flushed from homs in which an 
lUD had been removed was not reduced, the recovery rate was depressed 
(Table 8). If the uterus had been free of an lUD for 6 hours only 22.5% 
of the embryos transferred into Recipient I could be recovered 3 hours 
later. This may be compared with a recovery rate of 13.7% obtained in 
Group V (Table 4) which the lUD remained ^  situ and which also had an in­
cubation time of 3 hours. Even after 1 or 2 days without an lUD a de­
creased recovery rate persisted (27.9 and 33.3% recovered, respectively; 
Groups B and C, Table 8). 
The mechanism which tended to expel the embryos from horns formerly 
occupied by an lUD is obscure. It cannot be ruled out that a residual ef­
fect of hypermotility caused by the lUD continued to operate in those homs 
even in the absence of the lUD stimulus. A more plausible explanation may 
be the contraceptive theory of lUD action proposed by Rozin ^  al. (1969). 
In the human (Rozin e^ al., 1969) , an lUD caused enlargement of the uterus. 
The uterine cavity, which under normal circumstances is only a potential 
cavity, becomes enlarged and in fact an actual cavity. As a result, embry­
os upon entering the uterus may be unable to maintain themselves within the 
lumen and are swept out through the cervix. Perhaps this effect may oper­
ate also in the rat (Parr and Segal, 1966). Two days after removal of the 
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lUD, the uterine horn was observed in the present experiments still to be 
hypertrophied. Embryos transferred into those horns may have simply fallen 
out of the uterus. 
The lUD effects are apparently fully reversible by 72 hours after re­
moval, as indicated by a recovery rate of 47.7% and a corresponding 41.3% 
survival rate. It may be observed that this recovery rate, though not sig­
nificant by the statistical methods used, was still rather low compared to 
the 59.0% obtained in control animals (Group VIII, Table 4). 
The results obtained with castrated rats indicate that the lUD-uterine 
environment is improved in estrogen-deprived, progesterone-treated rats. 
The recovery rate in the lUD horn was significantly (P < 0.05) below that 
in the controls (Group VIII, Table 4) but above the recovery rate in the 
lUD horn of non-castrated animals (Group V, Table 4). More marked attenua­
tion of embryotoxicity effects was indicated by the high survival rate, 
which was higher than in the controls- It is possible that day 5 blasto­
cysts would inherently yield higher survival rates than day 4 embryos under 
the conditions of double transfer of embryos. Whether the improvement in 
the uterine milieu in the lUD horn under these conditions is the result of 
decreased uterine motility, suppression by progesterone of inflammation-
caused embryotoxicity, prevention of a uterine "state of non-receptivity" 
by lack of estrogen, or other factors is unclear. Further studies using 
this system are needed. 
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SUMMARY 
The purpose of these experiments was to determine the fate, in terms 
of survival time, of embryos transferred into the uterus of an lUD-bearing 
rat. Day 4 embryos were transferred into the IDD horn of day 4 pseudopreg-
nant hosts (Recipient I) and incubated for periods of 1, Ih, 2, 2h, 3, 3%, 
or 4 hours. Decreasing numbers of embryos were recovered as the time of 
incubation increased. By 2h hours incubation in the lUD environment the 
loss was significantly higher than in either control, intact, animals or 
the non-IUD horn of the same rats. The recovery rate in the non-IUD horns 
remained as high as that observed in control animals, indicating that the 
lUD effect was unilateral in the rat. 
The embryos recovered from Recipient I were immediately transferred to 
another recipient (Recipient II). The survival rate of these embryos also 
decreased as the duration of ejqjosure to an lUD environment increased. 
This decrease was linear with time. Only 9.1% were viable after 4 hours 
incubation. These results indicate that an IDD produces an environment 
which is rapidly lethal to embryos. Since embryos normally enter the rat 
uterus late on day 4 and implant late on day 5, exposure of the embryos to 
this highly lethal lUD environment is sufficient to account for the anti-
implantation effects noted by many authors. The embryotoxic mechanism a-
lone thus was shown to be capable of explaining the contraceptive action of 
the lUD in the rat. 
The lUD was removed in some of the first recipients (Recipient I) at 
different times before embryo transfer, e.g. at 72, 48, 24 or 6 hours prior 
to introducing embryos into those horns. The effects of the lUD were 
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nearly fully reversible within 72 hours as evidenced by a normal recovery 
and survival rate. When embryo transfer was accomplished 24 or 48 hours 
after the removal of the lUD, the percent recovery was significantly below 
the controls, but also significantly above that observed in animals which 
had an lUD still in situ. After the second transfer of these embryos, the 
survival rate was higher than any of the control groups. 
The lUD effects were at least partially reversible even within 6 
hours. Although the recovery rate was significantly below that observed in 
the controls, it was above (though not statistically significantly above) 
that of comparable animals with the lUD remaining situ (22.5% vs. 
13.7%). In addition, the survival rate of these embryos was as high as in 
the control groups. 
Blastocysts were transferred into the uterus of castrated rats which 
had been treated with progesterone for 8 days, and which also had an lUD in 
the right uterine horn. After 3 hours the embryos were recovered and 
transferred to a normal day 4 pseudopregnant host. Although only 27.7% 
were recovered from the lUD horn of Recipient I this was not significantly 
different from the 41.0% recovered from the opposite, non-IUD horn. The 
survival rate, of the embryos from the lUD horn was 69.2%. These results 
indicate that the embryotoxic activity is reduced in ovariectomized, 
progesterone-treated rats. 
To assess the effect of an lUD on embryos which remained in the ovi­
duct, embryos were obtained from the oviducts of day 4 rats which had an 
lUD in one horn. These embryos were transferred to a normal day 4 pseudo-
pregnant host. The survival of the oviductal embryos adjacent to the lUD 
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was similar to those from the non-IUD horn- These results indicate that 
the effect of an lUD in one horn is localized within that horn in the rat. 
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APPENDIX 
Rat 
992 
1038 
1032 
1030 
1031 
993 
895 
873 
1069 
1096 
1099 
1084 
Total 
86 
Fate of embryos transferred from the oviduct of rats bearing an 
lUD in the right uterine horn. Series 1, Group I 
No. embryos 
transferred from 
oviduct 
No. live embryos 
in uterus of 
Recipient I 
• right 
oviduct 
left 
oviduct 
right 
horn 
left 
horn 
5 
3 
4 
4 
6 
4 
6 
6 
9 
3 
5 
6 
61 
8 
5 
7 
8 
5 
6 
3 
4 
3 
3 
4 
4 
60 
3 
2 
1 
3 
3 
3 
4 
5 
5 
1 
4 
5 
39 
2 
2 
6 
7 
0 
5 
1 
4 
1 
2 
4 
4 
38 
Tabl 
Rat 
375 
485 
460 
512 
475 
566 
615 
608 
739 
746 
783 
836 
Fate of embryos incubated for 1 hour in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group I 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
9 
8 
5 
7 
6 
5 
6 
8 
7 
7 
4 
5 
77 
left 
horn 
6 
8 
6 
7 
4 
6 
4 
6 
5 
3 
8 
5 
68 
right 
horn 
2 
7 
0 
0 
0 
2 
6 
3 
6 
6 
4 
2 
38 
left 
horn 
4 
6 
1 
4 
0 
2 
4 
4 
2 
3 
7 
2 
39 
right 
horn 
1 
5 
0 
0 
.  - 0  
1 
6 
3 
4 
5 
3 
1 
29 
left 
horn 
4 
6 
1 
4 
0 
0 
4 
4 
1 
3 
7 
2 
36 
right 
horn 
1 
2 
0 
0 
0 
0 
3 
0 
2 
2 
1 
0 
11 
left 
horn 
2 
2 
1 
2 
0 
0 
3 
1 
0 
0 
3 
1 
15 
Rat 
412 
482 
481 
441 
585 
635 
705 
744 
750 
822 
883 
884 
Fate of embryos incubated for Ih hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group II 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
6 
5 
9 
5 
6 
5 
6 
6 
12 
10 
13 
10 
93 
left 
horn 
4 
6 
5 
4 
3 
5 
4 
6 
6 
5 
5 
6 
59 
right 
horn 
2 
2 
5 
3 
5 
3 
0 
2 
8 
5 
2 
4 
41 
left 
horn 
1 
5 
2 
1 
3 
4 
3 
5 
0 
5 
3 
6 
38 
right 
horn 
2 
1 
5 
3 
3 
3 
0 
2 
7 
4 
2 
3 
35 
left 
horn 
1 
4 
2 
1 
3 
3 
3 
5 
0 
5 
3 
6 
36 
right 
horn 
1 
1 
3 
1 
0 
1 
0 
1 
3 
1 
0 
0 
12 
left 
horn 
1 
2 
1 
0 
0 
2 
1 
2 
0 
2 
0 
3 
14 
00 
00 
Rat 
404 
474 
488 
524 
468 
618 
601 
584 
725 
869 
899 
887 
Pate of embryos incubated 2 hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group III 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
7 
8 
8 
5 
4 
4 
7 
8 
8 
8 
6 
6 
79 
left 
horn 
2 
8 
3 
3 
3 
3 
2 
6 
3 
4 
3 
5 
45 
right 
horn 
6 
6 
8 
2 
0 
1 
0 
4 
0 
2 
0 
0 
29 
left 
horn 
2 
4 
3 
3 
0 
2 
1 
2 
1 
2 
0 
5 
25 
right 
horn 
5 
6 
8 
2 
0 
1 
0 
2 
0 
2 
0 
0 
26 
left 
horn 
2 
3 
3 
3 
0 
1 
1 
2 
1 
2 
0 
5 
23 
right 
horn 
2 
2 
4 
0 
0 
1 
0 
1 
0 
0 
0 
0 
10 
left 
horn 
1 
0 
2 
1 
0 
0 
1 
1 
0 
1 
0 
5 
12 
00 lO 
Rat 
453 
467 
499 
579 
629 
742 
841 
831 
951 
943 
957 
Fate of embryos incubated for 2h hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group IV 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
3 
7 
9 
5 
9 
6 
5 
6 
8 
10 
9 
10 
87 
left 
horn 
5 
5 
6 
5 
4 
5 
7 
4 
5 
4 
3 
5 
58 
right 
horn 
0 
0 
2 
1 
3 
1 
0 
0 
0 
0 
3 
3 
13 
left 
horn 
2 
3 
3 
2 
3 
4 
3 
3 
1 
0 
2 
5 
31 
right 
horn 
0 
0 
2 
1 
3 
1 
0 
0 
0 
0 
2 
3 
12 
left 
horn 
2 
3 
3 
2 
3 
3 
3 
2 
1 
0 
2 
4 
29 
right 
horn 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
3 
left 
horn 
2 
2 
0 
2 
1 
1 
0 
1 
1 
0 
0 
2 
12 
<X) 
o 
Rat ri 
347 
491 
450 
529 
580 
696 
741 
769 
872 
891 
892 
1000 
Fate of embryos incubated for 3 hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group V 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
5 
8 
3 
6 
7 
3 
10 
7 
.6 
6 
8 
11 
80 
left 
horn 
3 
7 
3 
5 
7 
5 
6 
5 
5 
4 
7 
5 
62 
right 
horn 
0 
0 
1 
0 
1 
0 
5 
0 
0 
0 
1 
3 
11 
left 
horn 
2 
4 
2 
1 
3 
0 
3 
3 
4 
2 
6 
5 
35 
right 
horn 
0 
0 
1 
0 
1 
0 
5 
0 
0 
0 
1 
3 
11 
left 
horn 
1 
4 
2 
1 
2 
0 
3 
3 
4 
2 
6 
4 
32 
right 
horn 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
3 
left 
horn 
1 
1 
1 
1 
0 
0 
1 
1 
1 
2 
3 
1 
13 
w 
M 
Rat 
495 
464 
518 
568 
603 
605 
756 
768 
933 
903 
945 
Fate of embryos incubated for 3^ hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group VI 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
5 
9 
8 
5 
4 
4 
7 
11 
3 
9 
4 
7 
76 
left 
horn 
4 
4 
8 
4 
5 
6 
8 
7 
5 
3 
3 
3 
60 
right 
horn 
1 
0 
0 
2 
0 
0 
2 
1 
0 
0 
1 
2 
9 
left 
horn 
3 
2 
4 
2 
3 
3 
8 
3 
1 
2 
3 
1 
35 
right 
horn 
1 
0 
0 
2 
0 
0 
2 
1 
0 
0 
1 
2 
9 
left 
horn 
3 
2 
4 
2 
3 
3 
8 
3 
1 
2 
3 
1 
35 
right 
horn 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
left 
horn 
0 
1 
1 
1 
1 
2 
6 
2 
1 
1 
3 
0 
19 
vo 
K> 
Rat 
333 
444 
442 
487 
528 
574 
607 
687 
701 
712 
713 
829 
Fate of embryos incubated for 4 hours in the uterus of rats having an lUD in the right 
uterine horn. Series 2, Group VII 
No, embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
6 
4 
8 
6 
4 
6 
8 
4 
6 
8 
7 
10 
77 
left 
horn 
5 
4 
3 
6 
5 
6 
6 
5 
4 
4 
4 
4 
56 
right 
horn 
0 
0 
0 
1 
3 
0 
1 
1 
3 
0 
0 
2 
11 
left 
horn 
1 
2 
3 
5 
0 
4 
3 
1 
1 
4 
3 
2 
29 
right 
horn 
0 
0 
0 
1 
3 
0 
1 
1 
3 
0 
0 
2 
11 
left 
horn 
1 
2 
3 
5 
0 
4 
2 
1 
1 
4 
3 
2 
28 
right 
horn 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
left 
horn 
0 
2 
1 
3 
0 
1 
1 
1 
0 
0 
2 
1 
12 
ID 
W 
Tabl 
Rat 
396 
451 
448 
490 
417 
516 
595 
586 
799 
792 
840 
823 
Tot 
Fnte of embryos after incubation for 4 hours in the uterus of intact, control rats. 
Series 2, Group VIII 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
4 
5 
4 
3 
6 
6 
6 
3 
4 
4 
9 
7 
61 
left 
horn 
2 
4 
7 
7 
4 
2 
5 
3 
3 
3 
7 
6 
53 
right 
horn 
1 
3 
2 
2 
5 
0 
3 
2 
4 
3 
5 
6 
36 
left 
horn 
2 
1 
6 
3 
3 
0 
2 
2 
3 
1 
7 
6 
36 
right 
horn 
1 
3 
2 
2 
3 
0 
3 
2 
4 
3 
5 
6 
34 
left 
horn 
2 
1 
6 
3 
3 
0 
2 
2 
3 
1 
7 
6 
36 
right 
horn 
0 
1 
1 
1 
1 
0 
2 
2 
0 
0 
3 
3 
14 
left 
horn 
0 
0 
3 
2 
0 
0 
2 
2 
0 
0 
2 
4 
15 
10 iC>. 
Rat 
390 
527 
519 
564 
613 
693 
694 
796 
804 
827 
881 
Fate of embryos after incubating them for 2h hours in the ligated uterus of rats having 
an lUD in the right uterine horn. Series 2, Group IX 
No. embiryos 
transferred into 
Recipient 1 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
8 
4 
3 
5 
7 
7 
6 
5 
7 
9 
7 
6 
74 
2 
5 
3 
3 
5 
4 
4 
3 
4 
7 
4 
5 
49 
6 
3 
1 
4 
6 
1 
4 
4 
2 
7 
7 
4 
49 
1 
4 
2 
3 
2 
2 
0 
1 
2 
5 
4 
4 
30 
6 
3 
1 
4 
6 
1 
4 
4 
2 
7 
7 
4 
49 
1 
4 
2 
3 
2 
2 
0 
1 
2 
5 
3 
3 
28 
0 
3 
0 
1 
2 
0 
2 
0 
1 
0 
2 
2 
13 
1 
1 
1 
1 
1 
1 
0 
0 
2 
1 
3 
0 
12 
w 
ui 
Rat 
757 
740 
782 
696 
845 
832 
885 
950 
867 
889 
936 
890 
Tot 
Fate of embryos incubated for 2 hours in the uterus of rats having an lUD in the right 
uterine horn and washing the embryos prior to transferring them into the uterus of 
Recipient II. Series 2, Group X 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
8 
6 
7 
6 
6 
8 
9 
8 
7 
4 
5 
8 
82 
left 
horn 
6 
9 
5 
6 
5 
5 
5 
7 
3 
4 
7 
4 
66 
right 
horn 
3 
0 
0 
2 
3 
3 
1 
8 
0 
1 
2 
2 
25 
left 
horn 
6 
5 
5 
1 
0 
1 
5 
4 
1 
4 
4 
2 
38 
right 
horn 
3 
0 
0 
2 
3 
3 
1 
7 
0 
1 
2 
2 
24 
left 
horn 
6 
5 
5 
1 
0 
0 
5 
3 
1 
4 
4 
2 
36 
right 
horn 
2 
0 
0 
1 
2 
1 
0 
0 
0 
0 
1 
1 
8 
left 
horn 
5 
2 
2 
0 
0 
0 
0 
0 
1 
2 
2 
1 
15 
U) 
m 
Table 
Rat n 
997 
891 
946 
1051 
1024 
1015 
1017 
1011 
1001 
1008 
1033 
1007 
rn/-\ +• a 
Fate of embryos transferred into the uterus of rats from which an lUD had been removed 
from the right uterine horn 72 hours prior to transfer. Series 3, Group A 
No. embryos 
transferred into 
Recipient I 
No. embi.-yos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
6 
5 
6 
2 
4 
5 
9 
7 
7 
6 
4 
3 
65 
3 
3 
2 
4 
2 
4 
8 
3 
2 
4 
2 
9 
46 
1 
2 
5 
1 
1 
0 
8 
4 
4 
0 
4 
1 
31 
2 
2 
1 
4 
0 
0 
6 
2 
0 
2 
2 
7 
28 
1 
2 
4 
1 
1 
0 
8 
4 
4 
0 
3 
1 
29 
2 
1 
1 
4 
0 
0 
6 
2 
0 
2 
1 
7 
26 
0 
2 
4 
0 
0 
0 
1 
0 
3 
0 
1 
1 
12 
2 
0 
1 
0 
0 
0 
5 
0 
0 
2 
0 
7 
11 
vo 
<1 
Table 
Rat n 
952 
1024 
1001 
1027 
1079 
1073 
1063 
1074 
1091 
1065 
1064 
1087 
t 
! 
t 
Fate of embryos transferred into the uterus of rats from which an lUD had been removed 
from the right uterine horn 48 hours prior to transfer. Series 3, Group B 
No. embryos 
transferred into 
Recipient I 
right 
horn 
left 
horn 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
left 
horn 
6 
5 
10 
8 
8 
3 
4 
4 
8 
8 
5 
6 
75 
3 
3 
5 
6 
3 
4 
3 
3 
4 
4 
3 
3 
44 
0 
1 
5 
5 
4 
0 
3 
0 
3 
0 
0 
4 
25 
2 
0 
5 
4 
2 
3 
1 
2 
0 
4 
2 
2 
27 
0 
1 
5 
5 
4 
0 
3 
0 
3 
0 
0 
4 
25 
2 
0 
5 
4 
2 
3 
1 
2 
0 
4 
2 
2 
27 
0 
1 
5 
4 
2 
0 
2 
0 
0 
0 
0 
1 
15 
1 
0 
0 
3 
0 
2 
1 
0 
0 
3 
0 
1 
11 
00 
Rat n 
634 
992 
1003 
995 
1005 
1008 
1036 
1040 
1002 
986 
991 
942 
'P/-v4- a 
Fate of embryos transferred into the uterus of rats from which an lUD had been removed 
from the right uterine horn 24 hours prior to transfer. Series 3, Group C 
No, embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
7 
3 
9 
10 
5 
8 
6 
8 
3 
8 
6 
6 
79 
left 
horn 
7 
1 
5 
4 
3 
2 
3 
3 
3 
3 
4 
3 
41 
right 
horn 
0 
0 
6 
1 
3 
2 
2 
3 
0 
2 
2 
1 
22 
left 
horn 
6 
0 
5 
0 
3 
1 
2 
2 
1 
1 
2 
1 
24 
right 
horn 
0 
0 
4 
0 
2 
2 
0 
2 
0 
0 
1 
1 
21 
left 
horn 
2 
0 
3 
0 
2 
1 
0 
0 
1 
0 
2 
1 
23 
right 
horn 
0 
0 
4 
0 
2 
2 
0 
2 
0 
0 
1 
1 
12 
left 
horn 
2 
0 
3 
0 
2 
1 
0 
0 
1 
0 
2 
1 
12 
ID 
Rat r 
1192 
1195 
1181 
1162 
1173 
1176 
1187 
1164 
1159 
1175 
1093 
1172 
Fate of embryos transferred into the uterys of rats from which an lUD had been removed 
from the right uterine horn 6 hours prior to transfer. Series 3, Group D" 
No. embryos 
transferred into 
Recipient I 
No. embryos 
recovered from 
Recipient I 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
8 
8 
8 
4 
7 
8 
5 
7 
10 
4 
7 
4 
80 
left 
horn 
6 
3 
4 
2 
4 
3 
5 
4 
5 
3 
4 
3 
46 
right 
horn 
2 
2 
4 
1 
1 
4 
0 
3 
0 
1 
0 
0 
18 
left 
horn 
3 
3 
2 
0 
3 
1 
3 
0 
2 
1 
0 
2 
20 
right 
horn 
2 
1 
4 
1 
1 
4 
0 
3 
0 
0 
0 
0 
16 
left 
horn 
3 
3 
2 
0 
3 
1 
3 
0 
2 
1 
0 
2 
20 
right 
horn 
0 
0 
3 
0 
0 
1 
0 
2 
0 
0 
0 
0 
6 
left 
horn 
2 
0 
0 
0 
1 
1 
0 
0 
2 
1 
0 
2 
9 
o 
o 
Table 
Rat n 
1081 
1120 
1110 
1117 
1123 
1125 
1134 
1102 
1099 
Fate of embryos transferred into the uterus of ovariectomized, lUD-bearing rats treated 
with progesterone. Series 4, Group 
No. embryos 
transferred into 
Recipient I 
right 
horn 
left 
horn 
No. embryos 
recovered from 
Recipient I 
right 
horn 
left 
horn 
5 
3 
6 
9 
0 
7 
6 
3 
8 
47 
2 
3 
4 
4 
5 
4 
7 
4 
6 
39 
2 
2 
0 
7 
0 
2 
0 
0 
0 
13 
0 
1 
0 
4 
3 
3 
5 
0 
0 
16 
No. embryos 
transferred into 
Recipient II 
No. live embryos 
in uterus of 
Recipient II 
right 
horn 
left 
horn 
right 
horn 
left 
horn 
2 
2 
0 
7 
0 
2 
0 
0 
0 
13 
0 
1 
0 
3 
3 
3 
5 
0 
0 
16 
0 
1 
0 
6 
0 
2 
0 
0 
9 
0 
0 
0 
1 
3 
2 
3 
0 
9 
in right uterine horn. 
